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Executive Summary 
Seagrass is an important habitat in Port Phillip 
Bay (PPB). The objective of the Seagrass 
Monitoring Program is to detect changes in 
seagrass health in PPB outside expected 
variability.  
This program comprises three main elements:  
• Large-scale mapping of seagrass area 
• Small-scale assessment of seagrass health in 
the field 
• Monitoring of environmental factors that are 
known to influence seagrass health.  
This milestone report presents the results of:   
• Large-scale seagrass mapping from aerial 
photography flown in autumn (April) 2009,  
• Small-scale monitoring of seagrass health for 
winter (June–August) 2009.  
The latter includes a detailed assessment of 
seagrass cover, stem/shoot density and length for 
subtidal and intertidal seagrass plots at six 
regions, and factors that are known to influence 
seagrass health (light, turbidity, and epiphyte 
cover). Subtidal seagrass was monitored at two 
depths: shallow (1–2 m) plots at six regions, and 
deep (3-5m) plots at four regions. 
Seagrass cover, length and stem/shoot density in 
winter 2009 were compared with the previous 
sampling dates in autumn 2009; and with 
measurements in winter 2008. Seagrass health 
was also compared with historical data collected 
between 2004 and 2007 for plots at three of six 
shallow subtidal plots, and two of four intertidal 
plots. 
Seagrass mapping 
Total seagrass cover was relatively stable 
between 2008 and 2009 at most regions with less 
than 1.5% difference in total cover at Blairgowrie, 
Mud Islands, Point Henry West (macroalgae and 
seagrass cover combined) Point Richards, St 
Leonards and Swan Bay. Seagrass cover at 
Altona (macroalgae and seagrass combined) 
declined by 4.5% and at Curlewis Bank increased 
by 2.8% (although this difference may be due to 
improved water clarity in the 2009 aerial 
photography). Seagrass cover at Kirk Point (all 
region) declined from 95% in 2007 to 49% in 2009.  
 
Changes in seagrass cover in 2009 were within 
expected variability at the decadal and year-to-
year time scales for Blairgowrie, Point Richards 
and St Leonards aerial assessment regions. 
Historical time series were also provided for Kirk 
Point, Mud Islands and Swan Bay, but there was 
insufficient data to generate statistical criteria for 
these mapping regions.  
Seagrass health 
Subtidal and intertidal seagrass beds support 
different seagrass species and are considered 
separately in this report. 
Subtidal seagrass beds monitored in this study 
consisted of a single seagrass species 
Heterozostera nigricaulis. Intertidal seagrass beds 
comprised Zostera muelleri, although the aquatic 
macrophyte Lepilaena marina was also present at 
the Swan Bay and Mud Islands intertidal plots. 
Subtidal 
Shallow subtidal plots at Blairgowrie, Mud 
Islands and Swan Bay 2 continued to be 
characterised by high overall seagrass cover, and 
were dominated by high densities of shooting 
stems in winter 2009. Seagrass cover remained 
low in the shallow subtidal plots at St Leonards, 
Point Richards and Kirk Point and in the deep 
subtidal plots at Blairgowrie, St Leonards 1 and 
Point Richards. These plots were either 
dominated by non-shooting stems or contained 
no seagrass at all. A significant increase in the 
density of shooting stems at shallow and deep 
plots at St Leonards indicates that seagrass has 
reappeared in these plots. 
Seagrass cover at Mud Islands and St Leonards 2 
deep and Swan Bay 1 shallow declined 
significantly between autumn and winter 2009. 
Seagrass cover and shooting-stem densities were 
much lower in each of these plots in winter 2009 
in comparison with winter 2008. No similar 
pattern was observed at the adjacent Swan Bay 2 
plot, suggesting that this pattern was not 
representative of the region.  
Seagrass shoots completely disappeared from the 
deep plot at St Leonards 2 between autumn and 
winter 2009. This plot now comprises thinner 
stands of non-shooting stems without leaves. 
  
iv 
This decline is not without precedence at this 
location, and was attributed primarily to erosion 
on the basis that:  
1. quadrat markers were missing or askew 
when the plot was visited in August 2009, 
consistent with erosion  
2. seagrass and quadrat markers at the first 
deep plot established at this location in April 
2008 were also lost between autumn and 
winter 2008 
3. the plot is adjacent to an area that is subject 
to strong tidal currents close to the West 
(shipping) Channel 
4. there was no evidence that reductions in 
ambient light or shading by epiphytes were 
implicated in the loss of seagrass at this 
location.  
The loss of seagrass shoots at the St Leonards 2 
deep plot between autumn and winter 2009 is 
consequently consistent with expected variation 
for seagrass health at this location. 
Intertidal 
Intertidal seagrass cover increased at Swan Bay 
and St Leonards between autumn and winter 
2009, and was similar to levels recorded in winter 
2008. Seagrass cover and shoot densities 
remained unchanged at Mud Islands between 
autumn and winter 2009, but were significantly 
lower in winter 2009 in comparison with winter 
2008. No seagrass was recorded in the quadrats 
at Point Richards in winter 2009. The loss of 
seagrass at this plot has been linked to onshore 
sand accretion in previous milestone reports. 
Intertidal seagrass behaved as expected based on 
previous trends observed at these plots. 
Factors that affect seagrass health 
Benthic light availability exceeded conservative 
environmental requirements for seagrasses in 
southern PPB at all regions. 
Epiphyte algae were patchy in space and time 
and often characterised by high variation in 
abundance. In general, epiphytic algae were less 
abundant on intertidal than subtidal seagrass 
plants, and subtidal plots dominated by non-
shooting stems. No consistent change in 
epiphytic algal cover was observed between 
autumn and winter 2009. There was no 
correlation between decreases in subtidal 
seagrass cover and stem density at St Leonards 2 
deep and Swan Bay 1 shallow and changes in 
epiphytic algal cover between autumn and 
winter 2009.  
Conclusions 
Changes in large-scale seagrass cover in 2009 
were within expected variability at the decadal 
and year-to-year time scales for Blairgowrie, 
Point Richards and St Leonards mapping 
regions. 
Subtidal seagrass health in winter 2009 at the 
shallow plots at Blairgowrie, Mud Islands, Swan 
Bay 2, St Leonard, Point Richards and Kirk Point; 
and the deep plots at Blairgowrie, St Leonards 1 
and Point Richards, was consistent with past 
trends observed for these plots. 
Seagrass cover at Mud Islands and St Leonards 2 
deep and Swan Bay 1 shallow declined 
significantly between autumn and winter 2009. 
Seagrass cover and shooting-stem densities were 
previously higher in winter 2008 than winter 
2009 at each of the plots indicating that this 
recent pattern of decline was inconsistent with 
past trends at these sites. Whereas Mud Islands 
and Swan Bay 1 still supported seagrass stems 
with shoots in winter 2009, shooting stems had 
completely disappeared at St Leonards 2 between 
autumn and winter 2009.  
The decline at the St Leonards 2 deep plot was 
not unprecedented and was attributed primarily 
to erosion and not reductions in ambient light 
levels (either due to elevated turbidity and/or 
high epiphyte loadings). Consequently, the loss 
of seagrass shoots at this plot is consistent with 
expected variation for seagrass health at this 
location. 
Intertidal seagrass health varied as expected 
based on previous studies of Zostera species 
elsewhere. No intertidal seagrass was recorded at 
the Point Richards plot in winter 2009 due to 
sand accretion in the intertidal zone.  
The health of seagrasses in PPB between autumn 
and winter 2009 varied as expected based on 
comparisons with studies of Zosteraceae seagrass 
species in PPB and elsewhere. 
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1 
Introduction 
Seagrass is an important habitat in Port Phillip 
Bay (PPB). Seagrasses are highly productive 
ecosystems, supporting diverse faunal 
assemblages, many of commercial importance. 
Seagrass plants filter and retain nutrients, 
stabilise sediments and baffle wave energy, 
protecting adjacent coastal shorelines from 
erosion. 
The Seagrass Monitoring Program is described in 
the Port of Melbourne Corporation (PoMC) 
Channel Deepening Baywide Monitoring 
Programs (CDBMP) Seagrass Monitoring 
Detailed Design (PoMC 2009a). 
The objective of this program is to detect changes 
in seagrass health in PPB outside expected 
variability. The program consists of three main 
elements: 
• Annual large-scale monitoring of seagrass 
coverage at nine regions using aerial 
mapping and periodic video ground-truthing 
in April–May 
• Small-scale monitoring of seagrass health for 
six of the nine regions at representative field 
assessment plots sampled quarterly 
• Monitoring of key parameters that are 
known to affect seagrass health (including 
light, turbidity and epiphyte abundance). 
Purpose of this Report 
This milestone report covers the reporting period 
July–August 2009, and presents: 
• A summary of large-scale monitoring of 
seagrass beds with aerial mapping and 
underwater video ground-truthing 
undertaken in autumn (April–May) 2009 
• A summary of results for the small-scale 
monitoring of seagrass health undertaken in 
winter (July–August) 2009 
• A summary of measurements for primary 
factors influencing seagrass health (i.e. light, 
turbidity and epiphytes) 
• A discussion of relevant observations for 
other factors considered to influence seagrass 
health  
• A discussion of trends in the data observed, 
along with statistical comparisons examining 
changes in seagrass variables between 
autumn and winter 2009, and winter 2009 
and winter 2008 
• Comparisons with historical seagrass 
monitoring (2004–07), where possible 
• Discussion of QA/QC issues and any 
irregularities, along with any associated 
implications for the data. 
Previous results from this program were 
reported in Hirst et al. (2008, 2009a, b, c, d). 
 
 
 
  
2 
Materials and Methods 
Project design and methods for this program are 
described in PoMC (2009a). Methods presented 
in this report and not described by the previous 
Detailed Design (PoMC 2008), and not otherwise 
described by Hirst et al. (2008, 2009a, b, c, d) are 
summarised in Appendix 1.  
This report comprises three main elements: 
• Large-scale monitoring of seagrass coverage 
with annual aerial mapping and video 
ground-truthing for nine regions (Table 1) 
• Small-scale quarterly monitoring of seagrass 
health for six regions (Table 1) 
• Monitoring of key parameters that are 
known to affect seagrass health (including 
light and epiphyte abundance). 
The locations of aerial assessment regions, field-
assessment plots for small-scale seagrass 
monitoring, light loggers and PoMC turbidity 
monitoring stations in PPB are shown in Figures 
1 and 2. 
Data Management 
QA/QC. 
There were no significant field events observed 
or other QA/QC issues recorded during this 
reporting period.  
Exceptions to Detailed Design 
There were no exceptions to the Detailed Design 
(PoMC 2009a) for this reporting period. 
 
 
Table 1. Summary of seagrass monitoring regions and assessment methods.  
Region Assessment Method Field Assessment Plots 
 Aerial (Annual) Field 
(Quarterly) 
Intertidal Shallow (1–2 m) Deep (2–5 m) 
Altona √     
Kirk Point √ √  √  
Point Henry West √     
Curlewis Bank √     
Point Richards √ √ √ √ √ 
St Leonards 1 √ √ √ √ √ 
St Leonards 2*  √   √ 
Swan Bay 1 √ √ √ √#  
Swan Bay 2#  √  √  
Mud Islands √ √ √ √ √ 
Blairgowrie √ √  √ √ 
* Contingency deep plot for St Leonards 1 deep. 
# Extra field-assessment plot established in July/Aug 2008 due to positional error in location of original Swan Bay shallow plot 
established in April/May 2008 (renamed to Swan Bay 2) relative to position of historic sampling plot (see Hirst et al. 2008b and 
ER2008#13). 
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Figure 1. Locations of monitoring regions and small-scale field assessment plots in Port Phillip Bay. 
 
Figure 2. Locations of light loggers, EPA water quality monitoring sites and PoMC turbidity 
monitoring stations in Port Phillip Bay. 
Note: The closest pile for deployment of light loggers at the Kirk Point region was located at Long Reef. EPA water quality sites 
closest to the seagrass sites only are shown. 
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Results 
The results for the reporting period July-August 
(winter) 2009, for small-scale assessment of 
seagrass health, and for the reporting period 
April (autumn) 2009 for large-scale aerial 
assessment, are provided in Appendix 2 and 
summarised below.  Preliminary results for aerial 
assessment of the Blairgowrie region have 
previously been published in Ball and Heislers 
(2009). 
Seagrass mapping 
Between autumn 2008 and autumn 2009 seagrass 
cover at nine aerial assessment regions: 
• Varied by less than 1.5% at Blairgowrie, Mud 
Islands, Point Henry West (macroalgae and 
seagrass cover combined), Point Richards, St 
Leonards and Swan Bay 
• Declined by 4.5% at Altona (seagrass and 
macroalgae combined) 
• Increased by 2.8% at Curlewis Bank (this 
difference may be due to improved water 
clarity in the 2009 aerial photography) 
• Declined by 48% at the Kirk Point inner zone, 
and by 51% between 2007 and 2009 for the 
entire Kirk Point region. 
Seagrass cover in 2009 was within expected 
variability at yearly and decadal scales for three 
of the six regions for which sufficient historical 
seagrass data were available (i.e. Blairgowrie, 
Point Richards and St Leonards).  
Seagrass health 
Seagrass health was assessed in terms of 
temporal changes across regions and depth plots 
using linear mixed-effects statistical models. The 
magnitude and direction of temporal change in 
cover, length and stem/shoot density varied 
between regions and seasons for all seagrass 
health variables, as indicated by strong statistical 
interactions between regions and sampling dates. 
Statistically significant changes in seagrass 
variables between autumn and winter 2009, and 
winter 2009 and winter 2008 are summarized 
below. 
Seagrass cover between autumn and winter 2009: 
• In shallow subtidal plots, increased at Swan 
Bay 2, decreased at Swan Bay 1, and was 
unchanged at Blairgowrie, Mud Islands, St 
Leonards, Point Richards and Kirk Point 
• In deep subtidal plots, decreased at Mud 
Islands and St Leonards 2, and was 
unchanged at Blairgowrie, St Leonards 1 and 
Point Richards 
• In intertidal plots, increased at Swan Bay and 
St Leonards, and was unchanged at Mud 
Islands. No seagrass was present at Point 
Richards due to sand burial. 
Seagrass length between autumn and winter 
2009: 
• In shallow subtidal plots, increased at St 
Leonards and Point Richards, decreased at 
Swan Bay 1, and was unchanged at 
Blairgowrie, Mud Islands, Swan Bay 2 and 
Kirk Point 
• In deep subtidal plots, increased at 
Blairgowrie, and was unchanged at Mud 
Islands, St Leonards 1 and 2, and Point 
Richards  
• In intertidal plots, was unchanged at Mud 
Islands, Swan Bay and St Leonards. No 
seagrass was present at Point Richards due to 
sand burial. 
Shooting stem/shoot density between autumn 
and winter 2009: 
• In shallow subtidal plots, decreased at 
Blairgowrie, Swan Bay 1, increased at St 
Leonards and was unchanged at Mud 
Islands, Swan Bay 2, Point Richards and Kirk 
Point 
• In deep subtidal plots, increased at St 
Leonards 1, decreased at Mud Islands and St 
Leonards 2, and was unchanged at 
Blairgowrie and Point Richards 
• In intertidal plots, was unchanged at Mud 
Islands, Swan Bay and St Leonards. No 
seagrass was present at Point Richards due to 
sand burial.  
Seagrass cover in winter 2009 compared with 
winter 2008: 
• In shallow subtidal plots, was higher at 
Blairgowrie, Mud Islands and Swan Bay 2, 
lower at Swan Bay 1, and unchanged at St 
Leonards, Point Richards and Kirk Point 
• In deep subtidal plots, was lower at Mud 
Islands and St Leonards 2, and unchanged at 
Blairgowrie, St Leonards 1 and Point 
Richards 
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• In intertidal plots, was lower at Mud Islands, 
and unchanged at Swan Bay and St 
Leonards. No seagrass was present at Point 
Richards due to sand burial. 
Seagrass length in winter 2009 compared with 
winter 2008: 
• In shallow subtidal plots, was higher at 
Blairgowrie, Mud Islands, St Leonards and 
Point Richards, lower at Swan Bay 1 and Kirk 
Point (where there no longer is any seagrass), 
and unchanged at Swan Bay 2  
• In deep subtidal plots, was higher at 
Blairgowrie and St Leonards 1, lower at Mud 
Islands, and unchanged at St Leonards 2 and 
Point Richards 
• In intertidal plots was unchanged at Mud 
Islands, Swan Bay and St Leonards. No 
seagrass was present at Point Richards due to 
sand burial. 
Shooting stem/shoot density in winter 2009 
compared with winter 2008: 
• In shallow subtidal plots, was higher at St 
Leonards, lower at Swan bay 1, and 
unchanged at Blairgowrie, Mud Islands, 
Swan Bay 2, Point Richards and Kirk Point 
• In deep subtidal plots, was higher at St 
Leonards 1 and Point Richards, lower at Mud 
Islands and St Leonards 2, and unchanged at 
Blairgowrie 
• In intertidal plots, was lower at Mud Islands, 
and unchanged at Swan Bay and St 
Leonards. No seagrass was present at Point 
Richards due to sand burial. 
The deep subtidal plot at St Leonards 2 contained 
no shooting stems in winter 2009. This plot 
experienced substantial decline in living seagrass 
between autumn and winter 2009 relative to 
winter 2008. By winter 2009, St Leonards 2 was 
dominated by non-shooting stems for the first 
time in this program. The shallow subtidal plots 
at Point Richards and Kirk Point, and the 
intertidal plot at Point Richards no longer 
supported living seagrass (i.e. shooting stems) 
during winter 2009.  
Intertidal seagrass upper limits 
The monitoring lines for the upper extent of 
intertidal seagrass at Mud Islands and St 
Leonards showed little movement between 
autumn and winter 2009 and also since winter 
2008. 
At Point Richards the two monitoring lines that 
were buried by sand during 2008 had not been 
recolonised with seagrass by winter 2009. One of 
the remaining monitoring lines adjacent to the 
intertidal monitoring plot was also almost 
completely buried with sand between autumn 
and winter 2009. The remaining monitoring line 
at the eastern end of the region showed little 
movement between autumn and winter 2009.  
Subtidal seagrass lower limits 
Maximum seagrass depth increased significantly 
at Point Richards, but was unchanged at 
Blairgowrie, between autumn and winter 2009. 
The mean maximum depth at which shooting H. 
nigricaulis stems was observed at Point Richards 
increased from 6.7 to 10.6 m, between autumn 
and winter 2009. At Blairgowrie the maximum 
depth at which seagrass occurred was 6.6 m in 
winter 2009 which was consistent with previous 
years. 
Between spring 2008 and winter 2009 seagrass 
occurred at significantly deeper depths at Point 
Richards than at Blairgowrie. 
Light, turbidity and epiphytes 
Light attenuation (Kd), % surface 
irradiance and turbidity 
Benthic light availability exceeded conservative 
environmental requirements for seagrasses in 
southern PPB at all regions during June-August 
2009. Turbidity levels monitored by the PoMC in 
southern PPB were <5 Nephelometric Turbidity 
units (NTU) on all days at Camerons Bight 
(Blairgowrie), Mud Islands and St Leonards and 
>90% of days at Long Reef (Kirk Point) and Point 
Richards. 
Epiphytes 
Temporal changes in epiphyte cover were 
assessed across regions and depth plots. 
Turfing algal cover between autumn and winter 
2009: 
• At shallow subtidal plots, decreased at 
Blairgowrie, Mud Islands and Swan Bay 1, 
and was unchanged at Swan Bay 2, St 
Leonards, Point Richards and Kirk Point  
• At deep subtidal plots, increased at St 
Leonards 1, and was unchanged at 
Blairgowrie, Mud Islands, St Leonards 2 and 
Point Richards. Turfing algae covered <10% 
of leaf area at all deep plots in autumn 2009. 
Turfing algae covered 20% of leaf area at St 
Leonards 1, but <3% leaf area at other deep 
subtidal plots in winter 2009. 
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Encrusting algal cover between autumn and 
winter 2009:  
• At shallow subtidal plots, increased at Mud 
Islands and Swan Bay 2, and was unchanged 
at Blairgowrie, Swan Bay 1, Point Richards, 
St Leonards and Kirk Point. Encrusting algae 
covered 53% of leaf area at Mud Islands, 43% 
at Blairgowrie, 22% at Swan Bay 2, 21% at 
Swan Bay 1, 2% at St Leonards and 0% at 
Point Richards and Kirk Point in winter 2009 
• At deep subtidal plots, increased at Mud 
Islands and St Leonards 1, and unchanged at 
Blairgowrie, St Leonards 2 and Point 
Richards. Encrusting algae covered 9% of leaf 
area at Mud Islands, 3% at St Leonards 1, 2% 
at Blairgowrie and Point Richards and 0% at 
St Leonards 2 deep subtidal plots in winter 
2009. 
Epiphytic macroalgal cover between autumn and 
winter 2009:  
• At shallow subtidal plots, increased at Swan 
Bay 2, decreased at Point Richards, and 
unchanged at Blairgowrie, Mud Islands, 
Swan Bay 1, St Leonards and Kirk Point. 
Macroalgae covered 99% of the plot at Swan 
Bay 1, 65% at Swan Bay 2, 11% at Mud 
Islands, 5% at Blairgowrie and 0% at St 
Leonards, Point Richards and Kirk Point in 
winter 2009 
• At deep subtidal plots, increased at 
Blairgowrie and Mud Islands, and 
unchanged at St Leonards 1 and 2, and Point 
Richards. Macroalgae covered 14% of the 
deep plot at Mud Islands, 12% at 
Blairgowrie, 5% at Point Richards, and 1% at 
St Leonards 1 and 2 in winter 2009. 
Epiphytic turfing algal cover in winter 2009 
compared to autumn 2008: 
• At shallow subtidal plots, was lower at 
Blairgowrie, and was unchanged at Mud 
Islands, Swan Bay 1 and 2, St Leonards, Point 
Richards and Kirk Point 
• At deep subtidal plots was higher at St 
Leonards 1, lower at Mud Islands and St 
Leonards 2, and unchanged at Blairgowrie 
and Point Richards. 
Epiphytic encrusting algal cover in winter 2009 
compared to winter 2008: 
• At shallow subtidal plots, was higher at 
Blairgowrie, Mud Islands and Swan Bay 2, 
and unchanged at Swan Bay 1, St Leonards, 
Point Richards and Kirk Point 
• At deep subtidal plots, was higher at Mud 
Islands and St Leonards 1, and unchanged at 
Blairgowrie, St Leonards 2 and Point 
Richards. 
Epiphytic macroalgal cover in winter 2009 
compared to winter 2008: 
• At shallow subtidal plots, was higher at 
Swan Bay 1 and 2, and unchanged at 
Blairgowrie, Mud Islands, St Leonards, Point 
Richards and Kirk Point 
• At deep subtidal plots, was higher at Mud 
Islands, lower at Blairgowrie, and unchanged 
at St Leonards 1 and 2, and Point Richards. 
Comparisons against historical 
data 
Seagrass health 
Seagrass cover, length and stem density were 
higher at Kirk Point and Point Richards shallow 
subtidal plots prior to April 2008. When these 
plots were established in April 2005, seagrass 
covered >80% of the benthos. By April 2008, 
when the first season’s sampling was undertaken 
for the Baywide Seagrass Monitoring Program, 
seagrass covered <10% of the benthos. Seagrass 
cover, length and stem densities remained low in 
these plots throughout 2008 and 2009, and had 
not returned to pre-April 2007 levels by July 
2009.  
Seagrass covered >95% of the Swan Bay 2 
shallow subtidal plot between April 2005 and 
April 2006. By April 2007, seagrass cover had 
declined to 12%, but began to increase by August 
2008. In August 2009 seagrass cover and length 
were comparable to levels observed in November 
2006, whilst shoot densities exceeded previous 
levels.  
Intertidal seagrass cover and shoot density at 
Point Richards in July 2009 was below levels 
recorded in the past at this plot. The Swan Bay 
intertidal plot was dominated by Z. muelleri 
when it was established in April 2005, but has 
been dominated by a dense cover of L. marina 
since November 2006. 
Seagrass epiphyte cover 
Epiphytic turfing, encrusting and macroalgal 
cover in winter 2009 at Swan Bay, Point Richards 
and Kirk Point shallow subtidal plots was similar 
to levels recorded between April 2005 and April 
2008. Note that no historical winter sampling was 
undertaken.  
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Discussion 
Seagrass mapping 
Seagrass cover at Blairgowrie, Point Richards and 
St Leonards in 2009 was within expected 
variability at both yearly and decadal time scales 
calculated using historical time-series up to and 
including 2008. There were insufficient historical 
data for Mud Islands, Kirk Point and Swan Bay 
to calculate statistical criteria for these regions. 
Further details on the historical pattern of change 
in seagrass cover at each of these aerial 
assessment regions can be found in Ball et al. 
2009. 
Seagrass cover at the Kirk Point aerial assessment 
region declined from 95% in 2007 to 49% in 2009, 
across the entire region, and from 78% in 2008 to 
38% in 2009 in the inner region. This recent 
pattern at Kirk Point is inconsistent with past 
trends at this region. Historically, seagrass cover 
at Kirk Point has followed a different overall 
pattern to that observed at Blairgowrie, Mud 
Islands, Point Richards and St Leonards (Ball et 
al. 2009, Hirst et al. 2009a). Seagrass cover at Kirk 
Point increased in the late 1990s through to 2007 
(Ball et al. 2009). This increase occurred at the 
same time that other regions were in decline. 
The most commonly reported cause of seagrass 
decline in southern Australia is declining water 
clarity or shading/smothering by epiphytes often 
associated with reductions in water quality 
(Walker et al. 1999). Seagrass dieback has also 
been observed following episodes where 
seagrass meadows were buried under sediment 
during large storms or floods (Ralph et al. 2003). 
Increased sediment transport and erosion has 
been proposed as a possible cause of seagrass 
loss in PPB (Ball et al. 2009; Hirst et al. 2009a). The 
likely drivers of change in seagrass cover at Kirk 
Point will be investigated further by DPI, 
including the potential influence of fresh water 
input from Murtcaim drain at the eastern end of 
the site.   
Seagrass health 
Subtidal  
Seagrass health in winter 2009 varied between 
plots. Seagrass cover remained: 
• High in the shallow subtidal plots at 
Blairgowrie, Mud Islands and Swan Bay 2, 
which were characterised by dense stands of 
live shooting stems 
• Low at the shallow subtidal plots at St 
Leonards, Point Richards and Kirk Point and 
in the deep subtidal plots at Blairgowrie, St 
Leonards 1 and Point Richards. These sites 
either dominated by non-shooting stems or 
contained no seagrass. New seagrass growth 
(shooting stems) was recorded at the shallow 
St Leonards and deep St Leonards 1 plots 
between autumn and winter 2009  
• Declined significantly between autumn and 
winter 2009 and between winter 2008 and 
winter 2009 in the deep subtidal plots at Mud 
Islands and St Leonards 2 and the shallow 
plot at Swan Bay 1. 
The loss of seagrass leaves at the St Leonards 2 
deep plot between autumn and winter 2009 is 
illustrated in Figure 3. This shows images of the 
same quadrat in August 2009 and, during the 
previous season, in April 2009. Quadrats in April 
2009 supported dense sands of shooting stems 
(>100 stems 0.0625 m-2) covered in dense mats of 
the encrusting bivalve Electroma georgiana, but by 
August 2009 comprised thinner stands of bare 
stems. This is the first time during the course of 
this monitoring program that seagrass has been 
lost from a plot that formerly had a high cover of 
seagrass - an anomalous event discussed in more 
detail below. 
Seagrasses are sensitive to burial and erosion 
driven by changes in bottom sediment transport, 
and a number of studies have demonstrated high 
seagrass mortality as a result of natural or 
experimental burial and erosion (Ralph et al. 
2003; Cabaco et al. 2008). Increased sediment 
transport and erosion has been proposed as a 
possible cause of seagrass loss in PPB (Ball et al. 
2009; Hirst et al. 2009a) and the loss of seagrass at 
the Point Richards intertidal plot has been 
previously linked to sand accretion in the 
intertidal zone (Hirst et al. 2009c, d).  
Two quadrat markers were missing (out of a total 
of 24), and a number of other markers were 
askew from the St Leonards 2 deep plot in 
August 2009 (S. Heislers pers. obs.). Quadrat 
markers were exposed rather than buried and the 
presence of eroded gullies across the site implies 
erosion rather than burial in this instance. 
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In practice, it may be difficult to distinguish 
impacts associated with erosion from 
depositional events, particularly as erosion 
results in the mobilization of sediments and 
transport to other locations. Consequently, the 
exact mechanism by which seagrass shoots died 
in this episode is not well understood. Two 
suggested mechanisms which may explain the 
loss of seagrass shoots at this plot are: scouring 
by mobilised suspended sediments, and 
temporary burial under shifting sediments.  
Burial and erosion due to sand movement is also 
consistent with the location of this plot on the 
edge of the Great Sands region in southern PPB. 
This area is subject to strong tidal currents. 
Currents in the West (shipping) Channel reach 
up to 0.8 m/s (Harris et al. 1996) and the deep plot 
is situated less than 3 km from this channel. 
Seagrass at the original St Leonards 2 deep plot, 
established in May 2008, also disappeared 
between autumn and winter (2008) (Hirst et al. 
2009a). In the case of the original plot, all of the 
quadrat markers were lost and the present deep 
plot established at an adjacent site 30 m away. 
Aerial photography showed a decline in total 
vegetation cover (seagrass and macroalgae) of up 
to 50% in this region between April 2008 and 
April 2009 indicating that seagrass loss at this 
location was more widespread. 
There was no evidence that the loss of seagrass at 
this plot was due to reductions in light. No 
prolonged period of higher light attenuation 
and/or turbidity was observed at St Leonards 
over the previous 3 months. Two spikes in 
turbidity exceeding 5 NTU were observed in 
June–August. Neither of these events elevated 
light attenuation above the norm for more than 
2–3 days, and mean daily % irradiance (derived 
from light attenuation) at 5 m was generally 
higher over the past 6 months than for the same 
period in the previous year. 
The epifaunal bivalve Electroma georgiana covered 
60% of the plot in autumn 2009. Although a 
significant seagrass epiphyte, E. georgiana is not 
capable of shading seagrass blades to the same 
extent as epiphytic macroalgae and therefore is 
unlikely to exert the same impact as similarly 
high covers of epiphytic algae. Epiphytic 
macroalgal cover remained low at this plot (<3% 
cover) throughout this program. 
The loss of seagrass shoots at the St Leonards 2 
deep plot between autumn and winter 2009 
cannot be attributed to changes in ambient light 
conditions or shading by epiphytes. Both 
ambient light level and epiphytes growth were 
consistent with historical levels. 
Living seagrass was observed along video 
transects at deeper depths at Point Richards than 
Blairgowrie, although the presence of dead stems 
along the video transects at Blairgowrie (Hirst et 
al. 2009d) indicates that seagrass once grew to a 
similar depth as that observed at Point Richards. 
It is unclear why seagrass no longer grows at 
these depths at Blairgowrie. Despite some 
seasonal variability, there was no evidence that 
maximum seagrass depth had declined since 
spring 2008 at either of these locations. 
 
 
 
Figure 3. The same quadrat photographed in A) 
April (autumn) 2009, and B) August (winter) 
2009 at the St Leonards 2 deep subtidal plot. 
 
 
 
 
A 
B 
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Table 2. Mean daily % irradiance at 5 m 
recorded by the two light loggers in each 
assessment period at St Leonards 
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Channel 
No. 3 N/A 24 28 29 28 27 
Coles 
Channel 
No. 5 23 23 37 49 34 34 
source: Hirst et al. (2008, 2009a, b, c, d) and this report 
(see Table 10) 
Intertidal  
No seagrass was recorded in the quadrats at 
Point Richards in winter 2009. Some intertidal 
seagrass remained at this plot, but this was not 
detected due to the sampling design. The loss of 
seagrass at this plot has been linked to onshore 
sand accretion in previous milestone reports 
(Hirst et al. 2009c, d); and sand accretion also 
buried seagrass along three of the upper limit 
monitoring lines at Point Richards. Intertidal 
seagrass at Swan Bay, Mud Island and St 
Leonards behaved in a way which was consistent 
with previous trends observed at these plots. 
Factors that affect seagrass health 
Based on evidence from the literature and 
investigations in PPB, an average value of 15% of 
surface light was adopted as a conservative 
minimum annual light requirement for 
Zosteraceae seagrass species in the southern part 
of PPB (CEE 2007). Mean daily irradiance at 2 
and 5 m depth exceeded 15% of surface 
irradiance at all sites during June-August 2009 
(Table 10).  
Turbidity levels adjacent to the seagrass 
assessment regions during the reporting period 
were low and within the limits outlined in the 
CDP Environmental Management Plan (POMC 
2009b) for the Blairgowrie, Mud Islands and St 
Leonards regions.  
Seagrasses are important sites for attachment of 
biota, including epiphytic algae and encrusting 
sessile invertebrates. In high abundance, 
epiphytic algae may cause excessive shading of 
seagrass leaves leading to reduced seagrass 
productivity and eventually mortality.  
Epiphytic algae were patchy in space and time 
and often characterised by fluctuating peaks in 
abundance. In general, epiphytic algae were 
more abundant 1) on subtidal than intertidal 
seagrass plants, and 2) in subtidal plots 
dominated by a high cover of shooting stems. 
The latter provide substantially more substrate 
for the attachment of epiphytic and encrusting 
algae. Macroalgal epiphytic cover was 
consistently higher at Swan Bay shallow plots 
than other shallow plots with similarly high 
levels of seagrass coverage. 
There was no obvious relationship between 
decreases in subtidal seagrass cover and stem 
density at St Leonards 2 deep and Swan Bay 1 
shallow and changes in epiphytic algal cover 
between autumn and winter 2009 (i.e. decreases 
in seagrass variables did not coincide with 
increases in epiphytic cover). Epiphytic and 
encrusting macroalgal cover increased at Mud 
Islands deep between autumn and winter 2009, 
but most of the decrease in seagrass cover and 
shooting stem density occurred at this plot 
between summer and autumn 2009. 
Conclusions 
Changes in seagrass cover in 2009 were within 
expected variability at the decadal and year-to-
year time scales for Blairgowrie, Point Richards 
and St Leonards mapping regions. Historical 
time series are provided for Kirk Point, Mud 
Islands and Swan Bay, but there was insufficient 
data to generate statistical criteria for these 
mapping regions.  
Subtidal seagrass health in winter 2009 varied 
appreciably between plots. Seagrass cover and 
shooting stem density remained high at 
Blairgowrie, Mud Islands and Swan Bay 2 
shallow, and low at St Leonards, Point Richards 
and Kirk Point shallow and Blairgowrie, St 
Leonards 1 and Point Richards deep, consistent 
with past trends observed for these plots. 
Seagrass cover at Mud Islands and St Leonards 2 
deep and Swan Bay 1 shallow declined 
significantly between autumn and winter 2009. 
Seagrass cover and shooting-stem densities were 
previously higher in winter 2008 than winter 
2009, indicating that this recent pattern of decline 
was inconsistent with past trends at these plots. 
Whereas Mud Islands and Swan Bay 1 still 
supported seagrass stems with shoots in winter 
2009, shooting stems (leaves) had completely 
  
10 
disappeared at the St Leonards 2 plot between 
autumn and winter 2009.  
The decline at the St Leonards 2 deep plot was 
not unprecedented at this location and was 
attributed primarily to erosion and not 
reductions in ambient light levels (either due to 
elevated turbidity and/or shading by high 
epiphyte loadings). The loss of seagrass shoots at 
this plot is therefore consistent with expected 
variation for seagrass health at this location. 
Intertidal seagrass health varied as expected 
based on previous studies of Zostera species 
elsewhere. No intertidal seagrass was recorded at 
the Point Richards plot in winter 2009 due to 
continuing sand accretion in the intertidal zone.  
The health of seagrasses in PPB between autumn 
and winter 2009 varied as expected based on 
comparisons with studies of Zosteraceae seagrass 
species in PPB and elsewhere. 
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Appendix 1. Materials and Methods 
The following describes materials and methods 
utilised for this program and not specified in the 
Detailed Design (PoMC 2009a) or earlier reports 
(Hirst et al. 2008, 2009a, b, c, d). Further details on 
historical seagrass mapping can be found in (Ball 
et al. 2009). 
Aerial mapping 
The 2009 digital aerial photography, 
incorporating an infrared colour band, was 
undertaken in autumn on 12-13 April. Infrared 
photography effectively highlights vegetation, 
but has limited penetration through sea water. 
Consequently its use in seagrass mapping is 
primarily limited to the intertidal zone. In this 
study the infrared band was used to assist in 
mapping the extensive intertidal seagrass at 
Swan Bay. 
Video ground-truthing 
Some of the video ground-truthing sites 
surveyed in 2008 were moved in 2009, and some 
new sites were established in 2009 (Table 3). The 
video sites were changed to increase the range of 
habitat categories ground-truthed at some 
regions and/or to account for changes in seagrass 
distribution since 2008. Some video sites were 
not able to be ground-truthed in 2008 because 
shallow depths prevented vessel access (i.e. 
Altona, Curlewis Bank, Kirk Point, Mud Islands 
and Point Richards) and, therefore, had to be 
moved.  
Some video sites that lay outside the aerial 
assessment regions and were ground-truthed in 
2008 to assist with the initial interpretation of the 
aerial photography were no longer required and 
were either discontinued or moved in 2009 (i.e. 
Altona, Kirk Point, Point Richards and St 
Leonards). 
 
 
Table 3. Changes to video ground-truthing sites in 2009. 
Aerial 
Assessment 
Region 
Video sites moved in 2009 Video sites re-numbered in 2009 
(2008 site no. in brackets) 
New video 
sites in 2009 
2008 video sites 
discontinued in 
2009 
Altona 10, 14, 16 2b (2), 19 (3), 22 (11), 20 (12), 23 
(13), 21a (21), 3 (22), 11 (23), 12b 
(24), 12a (24a), 13 (25) 
2a 19, 20, 26, 27, 28, 
29, 30 
Blairgowrie 23 16a (16) 16b — 
Curlewis Bank 1, 2, 3 — 13, 14, 15 — 
Kirk Point 1, 7, 14, 15, 16, 17, 18, 20a, 
23 
31 (19), 32 (20), 28 (22), 33 (23), 22 
(28), 19 (31), 34 (21), 20 (33) 
— — 
Mud Islands 2, 3, 8, 11, 12 — 19, 20, 21, 22, 
23 
— 
Point Richards 2, 7, 8, 9, 10, 18, 20, 23, 26, 
27, 33, 34, 35 
— — 36 
St Leonards 6, 7, 8, 9, 10, 12, 13, 16, 17, 
18 
15 (12), 19 (13) — — 
Swan Bay 23, 25, 26 32 (1), 30 (2), 29 (21), 21 (29), 1 (32) — — 
aKirk Point video site 33 was renamed to 20 in 2009 and moved to a new location. 
 
Data analysis 
Temporal trends in subtidal seagrass health (% 
cover, length and stem density) and epiphyte 
cover were examined using a linear mixed-effects 
model (see Hirst et al. 2009a). The model chosen 
to describe the response of each dependent 
variable included the terms ‘region’ and ‘date’ as 
fixed effects, and variance within quadrats over 
time analysed as a random effect. To account for 
temporal correlation within quadrats, models 
were fitted alternatively with compound, 
unstructured and AR1 covariance matrices. The 
optimum model fit was chosen using Akaike’s 
Information Criteria (AIC).  
Two planned statistical comparisons between 
sampling events were undertaken in this report: 
C1 – a contrast between the current season and 
the previous season (autumn 2009), and C2 – a 
contrast between the current season and the same 
season in the preceding year (2008). The latter 
allowed comparison with similar seasonal 
conditions. Linear mixed effects modelling and 
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planned comparisons were performed using the 
R statistical software package. 
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Appendix 2. Results 
Detailed results for the reporting period July-
August (winter) 2009, for small-scale assessment 
of seagrass health, and for the reporting period 
April (autumn) 2009 for large-scale aerial 
assessment, are provided in this section.  
Preliminary results for aerial assessment of the 
Blairgowrie region have previously been 
published in Ball and Heislers (2009). 
Seagrass mapping 
The percentage cover of seagrass habitat 
categories at the aerial assessment regions in 
autumn (April) 2009 is shown in Figure 4. Aerial 
photography of the aerial assessment regions 
overlayed with ground-truthing sites classified 
by habitat categories is shown in Figures 5–13.  
Altona 
Total vegetation cover at Altona was 27% in 2009 
and consisted predominantly of macroalgae with 
seagrass. Caulerpa remotifolia was widespread at 
the region and was typically growing amongst H. 
nigricaulis (video sites 1, 5, 6, 11 and 16, Figure 5). 
Seagrass length was 5–20 cm and epiphytic 
macroalgal cover was <20%. It was not possible 
to separate areas of macroalgae and seagrass 
through the aerial photography interpretation at 
this region, and a combined category of 
macroalgae/seagrass was used to classify the 
vegetation in the mapping (Figure 4).  
The habitat at video site 5 was non-shooting 
seagrass stems, and video site 16 had non-
shooting stems amongst live H. nigricaulis shoots. 
Blairgowrie 
Total seagrass cover at Blairgowrie was 6% in 
2009 and was predominantly medium-dense H. 
nigricaulis (Figures 4 and 6). Seagrass length was 
5–30 cm and epiphytic macroalgal cover was 
<20%. 
Curlewis Bank 
Total seagrass cover at Curlewis Bank was 97% 
in 2009 and was predominantly medium-dense 
H. nigricaulis (Figures 4 and 7). Seagrass length 
was predominantly 20–50 cm and epiphytic 
macroalgal cover was <20%. 
Kirk Point 
Total seagrass cover at the Kirk Point aerial 
assessment region was 49% in 2009 and consisted 
of medium-dense and sparse continuous and 
patchy H. nigricaulis (Figures 4 and 8). Seagrass 
length was 5–10 cm and epiphytic macroalgal 
cover was <20%. Rocky boulders were present at 
video sites 13 and 18. 
Mud Islands 
Total seagrass cover at Mud Islands was 42% in 
2009 and was predominantly medium-dense H. 
nigricaulis (Figure 4). Seagrass length was 10–30 
cm and epiphytic macroalgal cover varied 
between <20% to >80%. Patches of Caulerpa 
brownii and Caulerpa scalpelliformis (species 
identified from samples) were present on the 
eastern shore of Mud Islands amongst the H. 
nigricaulis (video sites 3, 8, 21–23, Figure 9). 
Point Henry West 
Total vegetation cover at Point Henry West was 
99% comprising 77% seagrass and 22% 
macroalgae with seagrass (Figures 4 and 10). The 
seagrass was predominantly medium-dense H. 
nigricaulis. Seagrass length was 5–50 cm and 
epiphytic macroalgal cover varied across the 
region from <20% to between 21 and 60%. 
Video sites 2 and 3 on the deeper boundary of the 
aerial assessment region had very sparse 
Halophila australis and sparse H. nigricaulis 
growing amongst medium-dense macroalgae 
(Figure 10). 
Point Richards 
Total seagrass cover at Point Richards was 8% in 
2009 and consisted of a mix of sparse and 
medium-dense continuous and patchy H. 
nigricaulis (Figure 4 and 11). Seagrass length was 
5–10 cm and epiphytic macroalgal cover varied 
across the region from <20% to between 21 and 
60%. 
St Leonards 
Total seagrass cover was 13% in 2009 and 
consisted of a mix of medium-dense continuous 
and patchy and sparse seagrass (Figures 4 and 
12). Seagrass length was predominantly 5–10 cm 
and epiphytic macroalgal cover was mostly 
<20%. Video site 1 consisted of non-shooting 
seagrass stems, while video sites 2, 6, 7, 9, 11 and 
12 had non-shooting stems amongst the live H. 
nigricaulis shoots (Figure 12). 
Swan Bay 
Total seagrass cover at Swan Bay was 99% in 
2009 and consisted of predominantly medium-
dense continuous and patchy seagrass (Figure 4 
and 13). The subtidal zone was H. nigricaulis and 
the intertidal zone was Z. muelleri intermixed 
with L. marina. Zostera muelleri and L. marina 
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length was 5–10 cm and epiphytic macroalgal 
cover was <60%. Seagrass length for the subtidal 
H. nigricaulis length was 20–50 cm and epiphytic 
macroalgal cover was mostly >61%. 
The video sites at the centre of the aerial 
assessment region were too shallow to access by 
vessel on any tide and will be discontinued. 
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Figure 4. Percentage cover of seagrass habitat categories at aerial assessment regions in April 2009.  
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Figure 5. Aerial photography at Altona aerial assessment region flown 12 April 2009, overlayed with 
video sites (1–23) ground-truthed 6 May 2009. 
 
Figure 6. Aerial photography at Blairgowrie aerial assessment region flown 13 April 2009, overlayed 
with video sites (1–25) ground-truthed 22 April 2009. 
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Figure 7. Aerial photography at Curlewis Bank aerial assessment region flown 12 April 2009, 
overlayed with video sites (1–15) ground-truthed 21 April 2009. 
 
 
Figure 8. Aerial photography at Kirk Point aerial assessment region flown 12 April 2009, overlayed 
with video sites (1–32) ground-truthed 5 May 2009. 
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Figure 9. Aerial photography at Mud Islands aerial assessment region flown 13 April 2009, overlayed 
with video sites (1–23) ground-truthed 30 April and 21 May 2009. 
 
 
Figure 10. Aerial photography at Point Henry West aerial assessment region flown 12 April 2009, 
overlayed with video sites (1–14) ground-truthed 21 April 2009. 
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Figure 11. Aerial photography at Point Richards aerial assessment region flown 12 April 2009, 
overlayed with video sites (1–35) ground-truthed 5 and 22 May 2009. 
 
 
Figure 12. Aerial photography at St Leonards aerial assessment region flown 13 April 2009, overlayed 
with video sites (1–19) ground-truthed 29 April 2009. 
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Figure 13. Aerial photography at Swan Bay aerial assessment region flown 13 April 2009, overlayed 
with video sites (1–33) ground-truthed 11 and 21 May 2009. 
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Mapping accuracy 
Error matrices comparing the classification of 
video ground-truthing and aerial mapping data 
for the aerial assessment regions are presented 
in Appendix 3. A summary of the overall 
mapping accuracies for each region is presented 
in Table 4. Overall mapping accuracies were 
>80%, except for Altona. 
The lower overall mapping accuracy at Altona 
was due to four video sites (5, 6, 12 and 15, 
Figure 5) classified as medium-dense seagrass or 
medium-dense macroalgae with seagrass being 
mapped as either sparse seagrass or bare 
sediment. These sites were within 1 m of the 
boundary of an area mapped as medium-dense 
macroalgae/seagrass. This distance was less than 
the spatial accuracy of ± 2 m for the mapping 
and video ground-truthing. 
The reduced overall mapping accuracy (80–90%) 
at Kirk Point (all), Point Henry West and Point 
Richards was primarily due to seagrass density 
in the mapping region being misclassified 
compared with that recorded by the ground-
truthing (i.e. medium-dense instead of sparse 
and vice versa). Some video sites also did not 
match the mapping but were close (<5 m) to the 
correctly classified feature. The positional 
mismatch was probably caused by the vessel 
drifting off the waypoint during the ground-
truthing due to prevailing winds and currents.  
 
 
Table 4. Summary of overall mapping accuracy 
Aerial assessment region Ground-truthing sites correctly 
classified in mapping 
Total ground-truthing 
sites 
Overall mapping 
accuracy (%) 
Altona 14 18 78 
Blairgowrie 26 26 100 
Curlewis Bank 15 15 100 
Kirk Point (inner) 16 17 94 
Kirk Point (all) 20 24 83 
Mud Islands 23 23 100 
Point Henry West 10 12 83 
Point Richards  30 35 86 
St Leonards 13 13 100 
Swan Bay 18 18 100 
 
Historical seagrass mapping assessment 
Total seagrass cover in the PPB aerial assessment 
regions in 2009 and historical seagrass data for 
six of the regions since 1939 (Ball et al. 2009) are 
presented in Table 5. Between autumn 2008 and 
autumn 2009 seagrass cover: 
• changed by less than 1.5% at Blairgowrie, 
Mud Islands, Point Henry West, Point 
Richards, St Leonards and Swan Bay  
• increased by 2.8% at Curlewis Bank 
• decreased by 4.5% (seagrass and macroalgae) 
at Altona 
• decreased from 78% to 38% at the Kirk Point 
inner zone. The entire Kirk Point region 
declined in cover from 95% to 49% between 
2007 and 2009. 
The water clarity in the western region of PPB 
was greater for the 2009 aerial photography 
compared to 2008. At Point Henry West this 
meant that a band of seagrass with dense 
macroalgae not visible in the 2008 photography 
was able to be separately classified in the 2009 
mapping. This feature ran parallel to the shore 
between video sites 9–11 and 4–6 (Figure 10). 
Including this feature in the 2009 mapping 
increased the proportion of the macroalgae with 
seagrass category from 11% in 2008 to 22% in 
2009. It is likely that this feature was also present 
in 2008, but could only be clearly seen in the 2009 
aerial photography. The increase in total seagrass 
cover at Curlewis Bank between 2008 and 2009 
may also be partially due to the greater water 
clarity in the 2009 aerial photography allowing a 
more accurate delineation of the deep seagrass 
boundary at this region compared to 2008. 
When compared with the historical record, 
seagrass cover in 2009 was: 
• the same in 1959, 1961 and 1971 at 
Blairgowrie  
• similar to 1982 and 2000 at Kirk Point  
• was similar to 1946 at Point Richards 
• was similar to 1975 and 1990 at St Leonards 
• was consistent with previous years 
remaining relatively stable since the 1970’s, 
apart from a large decline in 1998 at Swan 
Bay 
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• was within 1.5% of total cover in 2006 and 
2008, and 2% of total cover in 1984 at Mud 
Islands. 
Large changes in coastal topography at Mud 
Islands between 1939 and 1984 affected the 
distribution of seagrass habitat and precluded 
historical comparisons of seagrass cover prior to 
1984 (Ball et al. 2009).  
Statistical criteria for minimum seagrass cover 
within expected variability at year–to–year and 
decadal scales were calculated from the historical 
mapping data up to and including 2008, but 
excluding 2009, for three regions (Blairgowrie, 
Point Richards and St Leonards) are presented in 
Table 6. There was insufficient data to generate 
statistical criteria for Kirk Point, Mud Islands and 
Swan Bay. 
Seagrass cover was within expected variability at 
decadal and year-to-year time scales at 
Blairgowrie, Point Richards and St Leonards 
mapping regions (Table 6). 
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Table 5. Percentage seagrass cover at PPB aerial assessment regions since 1939. 
Year Altona1 Blairgowrie Curlewis 
Bank 
Kirk 
Point 
(all 
region) 
Kirk 
Point 
(inner) 
Mud 
Islands 
Point 
Henry 
West1 
Point 
Richards 
St 
Leonards 
Swan 
Bay 
1939  4         
1946        6 8  
1950        10 7  
1957  12         
1959  6         
1961  6         
1962  10  28 10   42   
1966  1  40 26   82 9  
1968  13  29 9      
1970    28 16    14  
1971  6         
1972  8         
1973         14  
1974  13      91 14 96 
1975  14       13  
1976         15  
1977  10      93 19  
1978    15 6   94 14  
1979  15        100 
1980    18 9      
1981  21         
1982  13  51 36      
1984    33 13 43  93  99 
1985  14  22 9    11 96 
1987  21         
1989  32         
1990  30    48  84 13 98 
1991  28         
1992  35         
1993  27  18 9   86 22  
1996  47         
1997  37      76 26  
1998  40      73 26 77 
2000  30  46 19 56  63 24 97 
2001         24 95 
2003  12       17 94 
2004      46   12* 95 
2005  8  84 74   20   
2006  7  72 57 42  15 17* 95 
2007  7  95 92 44  14  99 
2008 (31) 6 94  78 42 88 (11) 8 12 98 
2009 (27) 6 97 49 38 41 77 (22) 8 13 99 
1Total vegetation cover at Altona and Point Henry West included areas of macroalgae with seagrass shown in 
brackets. The Altona region was predominantly medium-dense macroalgae mixed with sparse and sparse patchy 
seagrass, and the proportion of seagrass as a percentage of total vegetation cover could not be determined. At Point 
Henry West the areas shown in brackets were medium-dense macroalgae with seagrass. 
*These figures differ to data presented in Hirst et al. (2009a), see Ball et al. (2009). 
Blairgowrie 1957–99 data from Jenkins et al. (2000); Blairgowrie, Kirk Point, Point Richards and Swan Bay 2000–07 
data from Ball et al. (in prep); Mud Islands and St Leonards 2000–07 data and all 2008 data from Hirst et al. (2009a). 
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Table 6. Year-to-year (CY) and decadal (CD) statistical criteria for expected change in seagrass cover 
calculated using historical data up to and including 2008 for three aerial assessment regions for which 
there was sufficient data to calculate criteria, and % seagrass cover for April 2009 (Ball et al. 2009)  
Aerial Assessment Region Year-to-Year (CY) Decadal Scale (CD) 2009 
 % cover % cover % cover 
Blairgowrie1 1.7 1.4 6 
Point Richards 4.4 2.9 8 
St Leonards 7.2 3.6 13 
1  Criteria for Blairgowrie differ to those presented in Ball and Heislers (2009) due to the inclusion of additional 
historical data from 1939 (see Ball et al. 2009) 
 
Broad-scale assessment of seagrass 
changes 
Overall changes in seagrass/vegetation cover 
within the major PPB seagrass regions (Figure 
14) were compared through a broad-scale visual 
assessment of the 2008 and 2009 aerial 
photography. Changes between 2008 and 2009 
are summarised in Table 7. An overall pattern of 
small decline in total seagrass and vegetation 
cover was detected across the major seagrass 
regions. 
The Mornington Peninsula seagrass region was 
mostly unchanged, although small decreases in 
seagrass density were noticeable in larger 
nearshore seagrass beds, particularly at Rosebud 
to the east of this region. South Sand was 
variable with small declines in the isolated 
patches of seagrass across the region and a small 
increase in density of a bed near Rye Channel. 
A small decline in the shallow seagrass area was 
visible on the eastern and western shores of 
Mud Islands. The small bed of seagrass at the 
location of the deep monitoring plot increased in 
density. By contrast, the deeper areas at the 
Coles Channel seagrass region had a decrease in 
vegetation (seagrass and macroalgae) cover of 
approximately 10-20%, with a decline of 
approximately 50% at the location of the St 
Leonards 2 deep monitoring plot. It was not 
possible to determine from the aerial 
photography what proportion of this vegetation 
loss was seagrass or macroalgae. The nearshore 
seagrass beds at St Leonards were largely 
unchanged since 2008.  
The Swan Bay seagrass region appeared largely 
the same as 2008, although the 2008 aerial 
photography was not as clear as the 2009 
photography. The Curlewis Bank seagrass 
region was also mostly unchanged, with a small 
overall increase of <1%. The eastern end of this 
region near the Point Richards aerial assessment 
region showed a small decline of <5% in 
seagrass cover. The Corio Bay region was also 
unchanged.  
The northern Geelong Arm region had an 
overall decrease in seagrass of <5%. The Point 
Wilson area showed a loss of approximately 5%, 
while closer to Point Lillias some areas showed 
smaller losses of approximately 2%. 
The Kirk Point to Wedge Point region was 
highly variable with an overall decrease in 
vegetation of approximately 25%. Some areas 
showed larger decreases of approximately 40–
60%, while some nearshore areas gained 
vegetation. The offshore area at this region is 
dominated by macroalgae, but it was not 
possible to compare the vegetation cover in 
these areas between 2008 and 2009 due to the 
poor water clarity in these areas in the 2008 
photography. 
The nearshore areas in the Altona to Point Cook 
region are a mix of seagrass and macroalgae, 
and showed small declines in total area. There 
appeared to be a large increase in the 
macroalgae offshore from Altona pier, but this 
may have been due to the greater water clarity 
in the 2009 aerial photography compared with 
the 2008 photography in this region.  
Seagrass changes observed in the aerial 
assessment regions between 2008 and 2009 (see 
above) were consistent with the observations 
from the broad-scale visual assessment of the 
corresponding PPB seagrass regions, except for 
Curlewis Bank and Point Richards (Bellarine 
Bank). 
Seagrass cover in the Curlewis Bank aerial 
assessment region had a small increase between 
2008 and 2009, while the surrounding Curlewis 
Bank seagrass region was relatively stable with a 
<1% decrease in total cover. The increased cover 
mapped at the Curlewis Bank aerial assessment 
region is likely to be due to the greater water 
clarity in the 2009 aerial photography (see 
above). The Bellarine Bank seagrass region had 
an overall decline in total seagrass cover of <5%. 
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This was mainly due to decreases in cover at the 
seagrass beds offshore from Clifton Springs. The 
seagrass beds in the centre of the region were 
largely unchanged and were consistent with the 
Point Richards aerial assessment region. 
 
 
 
Figure 14. PPB seagrass regions. 
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Table 7. Broad-scale assessment of seagrass/vegetation changes in PPB between 2008 and 2009.  
PPB Seagrass 
Region 
Aerial 
assessment 
region 
seagrass/vegetation 
cover change 2008–
09* 
Notes 
Mornington 
Peninsula 
 
Blairgowrie <1% decrease Some decreases in seagrass density noticeable in 
larger nearshore seagrass beds at Rosebud  
South Sand NA <5% decrease Some decreases in isolated patches of seagrass across 
South Sand and small increase in density of small bed 
near Rye Channel 
 
Mud Islands Mud Islands ~2% decrease Overall small decrease on the eastern and western 
edges of Mud Islands. Patches of seagrass at deep plot 
location had increase in size and density. 
 
Swan Bay 
 
Swan Bay ~1% increase  
St Leonards – 
nearshore  
St Leonards ~1% decrease Small decreases in patches on outer edges of inshore 
bands of seagrass. 
 
Coles Channel  ~10% decrease Decreases in vegetation (seagrass and macroalgae) 
cover visible on offshore bars (approx. 10–20%). 
Approximately 50% decrease in vegetation at St 
Leonards 2 deep monitoring plot.  
 
Bellarine Bank 
(southern 
Geelong Arm) 
Point Richards <5% decrease Seagrass adjacent to Clifton Springs at the western 
end of this region showed a noticeable decrease of 
approximately 5–10% in larger seagrass beds. Little 
change in fragmented seagrass in central area. 
 
Curlewis Bank 
 
Curlewis Bank ~1% decrease Far eastern end showed small decrease of <5%. 
Corio Bay Point Henry 
West 
 
<1% decrease  
Point Wilson to 
Point Lillias 
NA 2–5% decrease 
 
Point Wilson area showed a decrease of 
approximately 5%, while closer to Point Lillias some 
areas showed smaller decreases of approximately 2% 
 
Kirk Point to 
Wedge Point 
Kirk Point ~25% decrease Some areas showed approximately 40–60% decrease 
while some nearshore areas also gained vegetation. 
Could not accurately compare deeper offshore areas 
with 2008 due to lower water clarity. 
 
Altona to Point 
Cook 
Altona ~5% decrease Nearshore areas showed small declines in vegetation 
area. Could not accurately compare deeper offshore 
areas with 2008 due to lower water clarity. 
*orange shading highlights decrease in seagrass area >5% since 2008 
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Seagrass health 
Results are reported separately for subtidal plots 
(shallow and deep) containing H. nigricaulis 
(Figures 15–20), and intertidal plots, typically 
dominated by Z. muelleri (Figure 21). Seagrass 
cover, length and stem/shoot density in winter 
2009 were compared, statistically, with the same 
parameters in the preceding season (autumn 
2009) and same season in the preceding year 
(winter 2008) using linear mixed effects and 
general linear models, respectively, for subtidal 
and intertidal seagrass. Further detail can be 
found in Hirst et al. (2009d). 
Subtidal 
Seagrass cover 
Seagrass cover at shallow subtidal plots varied 
significantly between regions and sampling dates 
(season) (Table 8). Seagrass cover was greatest at 
the Mud Islands shallow plot, followed by 
Blairgowrie, Swan Bay 2 and 1, and lowest at St 
Leonards, Point Richards and Kirk Point (Tukeys 
post-hoc test, Table 8, Figure 15). 
Seagrass cover increased significantly at Swan 
Bay 2 between autumn and winter 2009, and was 
significantly higher in winter 2009 than it was in 
winter 2008 (Table 8, Figure 15). By comparison, 
seagrass cover decreased significantly at Swan 
Bay 1 between autumn and winter 2009, and was 
significantly lower in winter 2009 than it was in 
winter 2008. Seagrass cover at Blairgowrie and 
Mud Islands was unchanged between winter and 
autumn 2009, but was significantly higher in 
winter 2009 than winter 2008. Seagrass cover at St 
Leonards, Point Richards and Kirk Point was 
unchanged between autumn and winter 2009, 
and no different than during winter 2008 (Table 
8, Figure 15). 
Seagrass cover at deep subtidal plots varied 
significantly between regions and sampling dates 
(season) (Table 8, Figure 16). Seagrass cover at 
Mud Islands and St Leonards 2 deep plots was 
significantly higher than that at Blairgowrie, St 
Leonards 1 and Point Richards (Tukeys post-hoc 
test, Table 8).  
Seagrass cover decreased significantly at the 
Mud Islands and St Leonards 2 deep plots 
between autumn and winter 2009 (Table 8, 
Figure 16). Seagrass cover at both of these plots 
was significantly lower in winter 2009 than 
winter 2008. Seagrass covered 65% and 42% of 
the plots at Mud Islands and St Leonards 2, 
respectively, in winter 2008, but by winter 2009 
only covered 10.5% and 19% of the same plots 
(Figure 16). There was no change in seagrass 
cover between autumn and winter 2009, and 
between winter 2008 and 2009 at Blairgowrie, St 
Leonards 1 and Point Richards (Table 8, Figure 
16). Seagrass cover has been <5% at these plots 
throughout this program. 
There were strong statistical interactions between 
region and date for both shallow and deep 
subtidal plots, implying that the magnitude and 
direction of temporal change in cover varied 
between regions (Table 8). This is reflected in the 
varied pattern of temporal change between plots 
observed amongst the planned statistical 
comparisons. 
Seagrass length 
Seagrass length at the shallow subtidal plots 
varied significantly between regions and 
sampling dates (Table 8). Seagrass length was 
greatest at Swan Bay 1 and 2 and lowest at St 
Leonards and Point Richards (Tukeys post-hoc 
test, Table 8, Figure 17).  
Seagrass length at St Leonards and Point 
Richards increased significantly between autumn 
and winter 2008, and was also significantly 
greater in winter 2009 than it was in winter 2008 
(Table 8, Figure 17). Seagrass length was 
unchanged between autumn and winter 2008 at 
Blairgowrie, Mud Islands, Swan Bay 2 and Kirk 
Point. Seagrass length was greater in winter 2009 
than winter 2008 at Blairgowrie and Mud Islands, 
shorter at Kirk Point and unchanged at Swan Bay 
2 (Table 8).  
Seagrass length at the deep subtidal plots varied 
significantly between regions and sampling dates 
(Table 8, Figure 18). Seagrass length was greatest 
at Mud Islands and lowest at Blairgowrie 
(Tukeys post-hoc test, Table 8).  
Seagrass length at deep plots increased 
significantly at Blairgowrie between autumn and 
winter 2009, and was significantly greater in 
winter 2009 than winter 2008 (Table 8, Figure 18). 
Seagrass length was unchanged between autumn 
and winter 2009 at all other deep plots. Seagrass 
length was significantly greater at St Leonards 1, 
but lower at Mud Islands, in winter 2009 than 
2008 ((Table 8, Figure 18).  
There was a strong statistical interaction between 
time and region for both shallow and deep 
subtidal plots (Table 8). 
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Figure 15. Mean (± se) seagrass cover (%) for H. nigricaulis at shallow subtidal plots sampled on six 
occasions between autumn 2008 and winter 2009; n indicates where no data was available for the Swan 
Bay 2 shallow plot in autumn 2008. 
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Figure 16. Mean (± se) seagrass cover (%) for H. nigricaulis at deep subtidal plots sampled on six 
occasions between autumn 2006 and winter 2009; n indicates where no data available was available for 
the St Leonards 2 deep plot in autumn 2008. 
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Figure 17. Mean (± se) seagrass length (cm) for H. nigricaulis at shallow subtidal plots sampled in 
autumn (black), winter (hatched), spring (grey) 2008 and summer (cross-hatched) and autumn 
(hatched) 2009; n indicates where no data was available for the Swan Bay 2 shallow plot in autumn 
2008. 
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Figure 18. Mean (± se) seagrass length (cm) for H. nigricaulis at deep subtidal plots sampled in autumn 
(black), winter (hatched), spring (grey) 2008 and summer (cross-hatched) and autumn (hatched) 2009; n 
indicates where no data was available for the St Leonards 2 deep plot in autumn 2008. 
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Table 8. Summary of linear mixed effects model analysis testing for differences between all regions and sampling dates for seagrass cover, length and 
shooting stem density counts at shallow and deep subtidal plots. Planned statistical comparisons within each subtidal plot: C1 - winter 2009 versus 
autumn 2009, and C2 - winter 2009 versus winter 2008. 
 
 arcsin (% cover) loge (length) loge (count)  
Shallow plots       
Region F6,77=566; P<0.001 F6,77=844; P<0.001 F6,77=844; P<0.001 
Date F5,386=14.6; P<0.001 F5,386=22.9; P<0.001 F5,386=22.9; P<0.001 
Site*Date F29,386=22.7; P<0.001 F29,386=23.1; P<0.001 F29,386=23.1; P<0.001 
Tukeys test MI>B,SB2>SB1>SL,PR,KP SB1,SB2>MI>B>KP>SL,PR MI>B>SB2>SB1>SL>KP,PR 
Contrast C1 C2 C1 C2 C1 C2 
Blairgowrie (B) +1.2 +6.2*** +1.2 +2.2* -2.9** -0.1 
Mud Islands (MI) +0.6 +4.7*** +1.2 +2.5* -0.9 +0.1 
Swan Bay 1 (SB1) -2.7** -20.6*** -2.1* -5.5*** -6.7*** -10.8*** 
Swan Bay 2 (SB2) 3.4** +9.4*** +0.8 +1.6 -1.1 +0.7 
St Leonards (SL) 0 0 +5.2*** +3.5** +9.9*** +5.3*** 
Point Richards (PR) +0.1 +0.6 +3.8*** +8.1*** 0 0 
Kirk Point (KP) 0 -0.2 -1.3 -6.1*** +0.4 -1.5 
Deep plots       
Region F4,55=439; P<0.001 F4,55=134; P<0.001 F4,55=443; P<0.001 
Date F5,275=54.1; P<0.001 F5,275=7.53; P<0.001 F5,275=12.3; P<0.001 
Site*Date F19,275=38.1; P<0.001 F19,275=9.93; P<0.001 F19,275=31.7; P<0.001 
Tukeys test MI>SL2>B,SL1,PR MI>SL2>PR>SL1>B MI>SL2>SL1>B,PR 
Contrast C1 C2 C1 C2 C1 C2 
Mud Islands (MI) -3.7*** -29.1*** -0.2 -3.7*** -3.0** -7.3*** 
St Leonards 2 (SL2) -11.9*** -5.9*** +0.4 +1.2 -19.6*** -14.9*** 
Blairgowrie (B) +1.6 -0.2 +4.4*** +5.6*** +1.8 +1.3 
St Leonards 1 (SL1) +0.4 +1.4 +1.6 +7.3*** +3.1** +7.2*** 
Point Richards (PR) +1.4 +0.8 -0.7 -0.7 0 +2.5* 
 NS (or blank) P>0.05, *P<0.05, **P<0.01 and ***P<0.001 
+ t value indicates increase in variable; - a decrease in variable. 
Green shading indicates significant increase in variable relative to previous samples; orange shading indicates significant decrease in variable relative to 
previous samples. 
F: F-ratio; P: probability that null hypothesis is true. 
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Stem density 
Shooting stem density varied significantly 
between regions and sampling dates (season) at 
the shallow subtidal plots (Table 8, Figure 19A). 
There was also a significant interaction between 
region and date (Table 8). Shooting stem density 
was highest at Mud Islands and lowest at Point 
Richards shallow plots (Tukeys post-hoc test, 
Table 8). In winter 2009 there were no shooting 
stems recorded at either Point Richards or Kirk 
Point.  
Shooting stem densities increased significantly 
at St Leonards, decreased significantly at 
Blairgowrie and Swan Bay 1, and remained 
unchanged at all other plots between autumn 
and winter 2009 (Table 8, Figure 19A). Stem 
density was significantly higher at St Leonards 
and lower at Swan Bay 2 in winter 2009 than 
winter 2008. Stem density at all other plots was 
unchanged between winter 2008 and 2009.  
Shooting stem densities at the deep subtidal 
plots varied significantly between regions and 
sampling dates (Table 8, Figure 20A). There was 
a significant interaction between region and date 
(Table 8). Shooting stem counts were highest at 
Mud Islands and lowest at Blairgowrie, St 
Leonards 1 and Point Richards deep plots over 
the course of the program (Tukeys post-hoc test, 
Table 8).  
Shooting stem densities decreased significantly 
at Mud Islands and St Leonards 2 between 
autumn and winter 2009, and were significantly 
lower in winter 2009 than winter 2008 (Table 8, 
Figure 19A). No shooting stems were present in 
winter 2009, as the plot was entirely composed 
of non-shooting stems (Figure 19A and B).  
No change was observed at Blairgowrie and 
Point Richards plots, although a small but 
significant increase in the density of shooting 
stems was recorded at St Leonards 1 between 
autumn and spring 2009. Shooting stem 
densities at St Leonards 1 and Point Richards 
were both higher in winter 2009 than winter 
2008 (Table 8, Figure 20A). 
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Figure 19. Mean (± se) A) shooting and B) non-shooting stem density count per 0.0625 m2 quadrat for 
H. nigricaulis at shallow subtidal plots sampled between autumn 2008 and winter 2009; n indicates 
where no data was available for the Swan Bay 2 shallow plot in autumn 2008. 
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Figure 20. Mean (± se) A) shooting and B) non-shooting stem density count per 0.0625 m2 quadrat for 
H. nigricaulis at deep subtidal plots sampled between autumn 2008 and winter 2009; n indicates where 
no data was available for the St Leonards 2 deep plot in autumn 2008. 
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Intertidal 
Intertidal seagrass beds were present at four of 
the six regions: Mud Islands, Point Richards, 
Swan Bay and St Leonards. Intertidal plots at 
Mud Islands and Swan Bay comprised a mixture 
of Z. muelleri and the aquatic macrophyte L. 
marina (Figure 21A). L. marina dominated the plot 
at Swan Bay in winter 2009, whereas L. marina 
comprised a smaller proportion of intertidal 
seagrass at Mud Islands in winter 2009. Z. 
muelleri was the only intertidal seagrass species 
present at the Point Richards and St Leonards 
plots. 
Total seagrass cover (Z. muelleri and L. marina 
combined) varied significantly between regions 
and sampling dates (season) (Table 9). There was 
a strong statistical interaction between region 
and date for seagrass cover indicating 
inconsistent temporal change across regions. 
Intertidal seagrass cover was greatest at Swan 
Bay (Tukeys post-hoc test, Table 9). In winter 2009 
none of the quadrats sampled at Point Richards 
contained intertidal seagrass.  
Seagrass cover increased significantly at Swan 
Bay and St Leonards between autumn and winter 
2009, but was unchanged at Mud Islands and 
Point Richards (Table 9, Figure 21B). Seagrass 
cover at Mud Islands in winter 2009 was 
significantly lower than winter 2008, but was 
unchanged at Swan Bay, St Leonards and Point 
Richards between winter 2008 and winter 2009.  
Seagrass length varied significantly between 
regions and sampling dates (Table 9). A statistical 
interaction between region and sampling date 
was also detected.  
Seagrass length was unchanged between autumn 
and winter 2009 at all intertidal plots with the 
exception of Point Richards where the 
disappearance of seagrass at this plot was 
reflected in a statistically significant reduction in 
seagrass length relative to autumn 2009 and 
winter 2008 (Table 9, Figure 21C). Seagrass 
length at Mud Islands, Swan Bay and St 
Leonards in winter 2009 was unchanged 
compared with winter 2008.  
Shoot densities varied significantly between 
regions and sampling dates (season) (Table 9). A 
significant statistical interaction was also 
detected between region and sampling date. 
Shoot densities were highest at Swan Bay, 
followed by Mud Islands and St Leonards 
(Tukeys post-hoc test, Table 9). No Z. muelleri 
shoots were present at Point Richards in winter 
2009. 
Shoot densities were unchanged at all intertidal 
plots between autumn and winter 2009 (Table 9). 
Shoot densities in winter 2009 were unchanged 
from winter 2008 at Swan Bay and St Leonards. 
By comparison, shoot densities at Mud Islands 
and Point Richards in winter 2009 were 
significantly lower than in winter 2008 (Table 9, 
Figure 21D).  
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Figure 21. Mean (± se) A) Z. muelleri composition (%), combined seagrass B) cover (%), C) length, and 
D) shoot density count 0.0625 m-2 for intertidal plots sampled between autumn 2008 and winter 2009. 
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Table 9. Summary of 2-way ANOVA testing for differences between all regions and sampling dates for seagrass cover, length and shoot density 
counts at intertidal plots. Planned statistical comparisons within each intertidal plot: C1 - winter 2009 versus autumn 2009, and C2 - winter 2009 versus 
winter 2008. 
 arcsin (% cover) loge (length) loge (count)  
Region F3,264=174,P<0.001 F3,264=204,P<0.001 F3,264=118,P<0.001 
Date F5,264=8.6, P<0.001 F5,264=17.8, P<0.001 F5,264=15.2, P<0.001 
Site*Date F15,264=5.6,P<0.001 F15,264=10.0,P<0.001 F15,264=15.4,P<0.001 
Tukeys test SB>SL>MI>PR SB,SL,MI>PR SB>MI,SL>PR 
Planned contrasts C1 C2 C1 C2 C1 C2 
Mud Islands -1.3 -2.6** -1.8 -1.8 +1.7 -2.2* 
Swan Bay +2.3* +2.0 +0.6 -0.1 -1.0 -1.1 
St Leonards +3.1** -1.7 +1.5 -1.2 +0.3 -0.7 
Point Richards -0.6 -1.6 -2.0* -9.1*** -1.0 -8.7*** 
 NS (or blank) P>0.05, *P<0.05, **P<0.01 and ***P<0.001 
+ t value indicates increase in variable; - a decrease in variable. 
Green shading indicates significant increase in variable relative to previous samples; orange shading indicates significant decrease in variable relative to 
previous samples. 
F: F-ratio; P: probability that null hypothesis is true. 
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Intertidal seagrass upper limits 
Spatial changes in the monitoring lines for the 
upper extent of the intertidal seagrass at Mud 
Islands, St Leonards and Point Richards are 
presented in Figures 22–24 respectively.  
The upper intertidal monitoring lines at Mud 
Islands showed little movement between autumn 
and winter 2009 (Figure 22). The maximum 
overall change in position since autumn 2009 was 
2.2 m on line 3. The change in position of the 
monitoring lines between winter 2008 and 2009 
was < 3.5 m. 
The positions of the intertidal monitoring lines at 
St Leonards (Figure 23) continued to show the 
least movement of the intertidal monitoring 
regions, remaining relatively stable since winter 
2008. Changes in the monitoring lines between 
autumn and winter 2009, and also since winter 
2008, were mostly <3.0 m. Lines 1 and 3 moved 
predominantly landward and line 2 moved 
predominantly seaward between autumn and 
winter 2009. 
Line 1 at Point Richards showed little change in 
its position between autumn and winter 2009 
(Figure 24). Line 1 was mostly seaward of its 
position in winter 2008 by up to 3.6 m. Most of 
the intertidal seagrass at line 2 at Point Richards 
had disappeared by winter 2009 due to sand 
burial, with only a small patch on the eastern end 
remaining (Figure 24). This line is located 
adjacent to the intertidal monitoring plot. The 
intertidal seagrass at line 3 and backup line 4 
were buried with sand by spring 2008 and no 
intertidal seagrass was present at these lines in 
winter 2009. 
 
 
    
 
Figure 22. Mud Islands intertidal seagrass monitoring line positions winter 2008, autumn and winter 
2009. 
 
Line 1 Line 2 
Line 3 
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Figure 23. St Leonards intertidal seagrass monitoring line positions winter 2008, autumn and winter 
2009. Line 4 is an extra monitoring contingency line established as a backup for the three principal 
monitoring lines.  
 
   
Figure 24. Point Richards (Bellarine Bank) intertidal seagrass monitoring line positions winter 2008, 
autumn and winter 2009.  
Line 1 Line 2 
Line 1 Line 2 
Line 3 Line 4 
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Subtidal seagrass lower limits 
Video surveys of maximum seagrass depth were 
conducted at Blairgowrie and Point Richards in 
August (winter) 2009. Depths were corrected to 
the Australian Height Datum (AHD).  
Maximum seagrass depth increased significantly 
at Point Richards (GLM analysis, planned 
comparison: t = 3.9, P<0.001), but was 
unchanged at Blairgowrie (GLM analysis, 
planned comparison: t = 0.7, P=0.117) between 
autumn and winter 2009. The mean maximum 
depth at which shooting stems was observed at 
Point Richards increased from 6.7 to 10.6 m, 
between autumn and winter 2009 (Figure 25). 
Maximum seagrass depth at Blairgowrie 
remained relatively constant between summer 
and winter 2009. In winter 2009 seagrass was 
recorded to a maximum depth of 6.6 m at 
Blairgowrie. 
Seagrass occurred at significantly deeper depths 
at Point Richards than Blairgowrie between 
spring 2008 and winter 2009 (2-way ANOVA; 
F1,64=88.1, P<0.001) (Figure 25).  
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Figure 25. Mean (± se) maximum depth (m) of shooting H. nigricaulis stems observed on video 
transects run offshore at Blairgowrie and Point Richards between spring 2008 and winter 2009. NB. 
Shooting stems were recorded on only a single transect at Blairgowrie in spring 2008. 
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Light, turbidity and epiphytes 
Light attenuation (Kd), % surface 
irradiance and turbidity 
Mean daily light attenuation (Kd) coefficients 
recorded between 10 am and 2 pm are presented 
in Figures 26–31. Turbidity data from nearby 
PoMC monitoring stations was presented as 6-
hourly exponentially weighted moving average 
(EWMAs) for 12 noon and overlayed on the 
light attenuation data.  
Percentage surface irradiance calculated at the 
depths of the shallow (2 m) and deep (5 m) plots 
is summarised in Table 10. Table 10 also 
identifies any data excluded from the analysis 
due to problems with the operation of the light 
logger or wiper systems (Appendix 4). 
Mean daily attenuation coefficients for regions 
in the southern part of PPB during June–August 
2009 were in the range 0.2–0.4 m-1 (Table 10).  
Turbidity levels (6-hourly EWMA) at 
monitoring stations in southern PPB rarely 
exceeded 5 NTU from June to August 2009 
(Figures 26–30). Notable exceptions included 
two spikes in turbidity, exceeding 10 NTU, on 16 
and 25 August at Point Richards (Figure 30). 
These spikes were short in duration and 
corresponded with changes in light attenuation. 
There was little difference in mean daily light 
attenuation coefficients between June-August 
2009 and the preceding period from March-May 
2009 (Table 10). Light attenuation coefficients 
were marginally higher at St Leonards (Coles 
Channel No. 5) and Swan Bay, marginally lower 
at Blairgowrie (Sorrento Channel No. 10), Mud 
Islands (South East) and Point Richards, and 
unchanged at Blairgowrie (speed restriction 
pile), Mud Islands (North West), St Leonards 
(Coles Channel No. 3) and Kirk Point between 
June-August and March-May (Table 10). 
 
 
  
42 
Table 10. Mean daily light attenuation coefficients (Kd) and % surface irradiance at depths of shallow (2 m) and deep plots (5 m) from 10 am–2 pm 
calculated for each region for June-August 2009. 
Region (Light logger) Lower 
logger 
depth 
(m)A 
Distance 
to 
shallow 
plot (km) 
Distance 
to deep 
plot (km) 
Mean 
daily Kd 
(m-1)  
Mar-MayB 
Mean 
daily Kd 
(m-1)  
Jun-Aug 
Mean daily 
% 
irradiance 
at 2 m  
Jun-Aug 
Mean 
daily % 
irradiance 
at 5 m  
Jun-Aug 
Total 
data days 
Jun-Aug 
Notes 
See Appendix 4 for light logger 
performance issues 
Blairgowrie (speed restriction 
pile) 
1.8, 2.0 & 
2.3 
0.7 0.08 0.3 0.3 54 22 82 Excluded 1–10 June due to logger 
flooding 
Blairgowrie (Sorrento Channel 
No. 10) 
3.0 & 3.2 0.7 0.5 0.4 0.2 64 33 92 No errors/gaps 
Mud Islands (North West 
MNP pile) 
2.0, 2.1& 
2.2  
1.2 5 0.3 0.3 59 27 26 Excluded 12 June–23 July due to 
failure of top logger, and from 8 
August onwards due to unreliable 
data. 
Mud Islands (South East MNP 
pile) 
1.9 2.5 2.4 0.3 0.2 75 49 51 Excluded 1 June–6 July due to logger 
flooding and 2, 12–13 & 29–30 August 
due to unreliable Kd values (<0.1) 
St. Leonards (Coles Channel 
No. 5) 
2.8 & 3.1 0.8 0.4 0.2 0.3 62 34 92 No errors/gaps 
St. Leonards (Coles Channel 
No. 3) 
3.2 2.1 2.3 0.3 0.3 57 27 92 No errors/gaps 
Kirk Point (Long Reef) 2.5 & 3.2 4.5 NA 0.4 0.4 42 NA 91 Excluded 13 July due to unreliable Kd 
values (<0.1). 
Point Richards (Aquaculture 
zone pile) 
2.2 & 2.7 1.3 0.07 0.4 0.3 57 28 91 Excluded 10 July due to unreliable Kd 
values (<0.1). 
Swan Bay (Channel Marker 
No. 3)# 
2.4 & 2.6 3.5 NA 0.3 0.4 51 NA 88 Excluded 5–8 July due to unreliable 
Kd values (<0.1). 
A Depth of lower logger on first, second & third deployment  
B Source: Hirst et al. (2009d) 
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Epiphytes 
Epiphytic turfing algal cover on H. nigricaulis 
leaves in shallow subtidal plots varied 
significantly between regions and sampling dates 
(Table 11, Figure 32A). Turfing algae covered 
<5% of leaf area at all of the shallow subtidal 
plots sampled in winter 2009 (Figure 32A). 
Turfing algal cover decreased significantly at 
Blairgowrie, Mud Islands and Swan Bay 1 
between autumn and winter 2009, and was 
unchanged at Swan Bay 2, St Leonards, Point 
Richards and Kirk Point during the same period 
(Table 11). Turfing algal cover at Blairgowrie in 
winter 2009 was significantly lower than in 
winter 2008. 
Turfing algal cover at deep plots varied 
significantly between regions and sampling dates 
(Table 11; Figure 32B). Turfing algae covered 20% 
of leaf area at St Leonards 1, but <3% leaf area at 
other deep subtidal plots in winter 2009. 
Turfing algal cover increased significantly at St 
Leonards 1 between autumn and winter 2009, but 
was unchanged at all other deep subtidal plots 
(Table 11). Turfing algae covered significantly 
less leaf area in winter 2009 than winter 2008 at 
Mud Islands and St Leonards 2, but significantly 
more in winter 2009 than winter 2008 at St 
Leonards 1.  
Encrusting epiphytic algal cover of H. nigricaulis 
leaf area in shallow subtidal plots varied 
significantly between regions and sampling dates 
(Table 11, Figure 33A). Encrusting algae covered 
53% of leaf area at Mud Islands, 43% at 
Blairgowrie, 22% at Swan Bay 2, 21% at Swan 
Bay 1, 2% at St Leonards and 0% at Point 
Richards and Kirk Point in winter 2009 (Figure 
33A). Encrusting epiphytic algal cover increased 
significantly at Mud Islands and Swan Bay 2, but 
was unchanged at Blairgowrie, Swan Bay 1, St 
Leonards, Point Richards and Kirk Point shallow 
subtidal plots between autumn and winter 2009 
(Table 11). Encrusting algae covered significantly 
more leaf area at Blairgowrie, Mud Islands and 
Swan Bay 2 in winter 2009 than winter 2008, and 
was unchanged at the other shallow subtidal 
plots (Table 11).   
Encrusting epiphytic algal cover in deep plots 
varied significantly between regions and 
sampling dates (Table 11, Figure 33B). Encrusting 
algae covered 9% of leaf area at Mud Islands, 3% 
at St Leonards 1, 2% at Blairgowrie and Point 
Richards and 0% at St Leonards 2 deep subtidal 
plots in winter 2009. Encrusting epiphytic algal 
cover increased significantly at Mud Islands and 
St Leonards 1, and remained unchanged at the 
other deep plots between autumn and winter 
2009 (Table 11). Encrusting algae covered more 
leaf area at Mud Islands and St Leonards 1 in 
winter 2009 than winter 2008.  
Epiphytic macroalgal cover at shallow subtidal 
plots varied significantly between regions and 
sampling dates (Table 11; Figure 34A). 
Macroalgae covered 99% of the plot at Swan Bay 
1, 65% at Swan Bay 2, 11% at Mud Islands, 5% at 
Blairgowrie and 0% at St Leonards, Point 
Richards and Kirk Point in winter 2009 (Figure 
34A). Macroalgal cover increased significantly at 
Swan Bay 2, decreased at Point Richards, and 
remained unchanged at Blairgowrie, Mud 
Islands, Swan Bay 1, St Leonards and Kirk Point 
between autumn and winter 2009 (Table 11). 
Macroalgal cover was significantly higher at 
Swan Bay 1 and 2 in winter 2009 than winter 
2008 (Table 5, Figure 34A).  
Epiphytic macroalgal cover at deep subtidal plots 
varied significantly between regions and 
sampling dates (Table 11). Macroalgae covered 
14% of the deep plot at Mud Islands, 12% at 
Blairgowrie, 5% at Point Richards, and 1% at St 
Leonards 1 and 2 in winter 2009 (Figure 34B). 
Macroalgal cover increased significantly at Mud 
Islands and Blairgowrie between autumn and 
winter 2009 (Table 11). Macroalgal cover was 
significantly higher at Mud Islands, lower at 
Blairgowrie, but unchanged at St Leonards 1 and 
2 and Point Richards, in winter 2009 than winter 
2008 (Figure 34B). 
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Figure 32. Mean (± se) epiphytic turfing algae cover (%) of H. nigricaulis leaf area at A) shallow and B) 
deep subtidal plots between autumn 2008 and winter 2009; n indicates no data available for autumn 
2008. 
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Table 11. Summary of linear mixed effects models testing for differences between all regions and sampling dates (seasons) for arcsin 
transformed epiphytic algae at shallow and deep subtidal plots. Planned statistical comparisons within each subtidal plot: C1 – winter 2009 
versus autumn 2009, and C2 - winter 2009 versus winter 2008. 
 turfing algae encrusting algae epiphytic macroalgae 
Shallow plots       
Region F6,77=101; P<0.001 F6,77=317; P<0.001 F6,77=515; P<0.001 
Date F5,386=103; P<0.001 F5,386=23.7; P<0.001 F5,386=50.1; P<0.001 
Region*Date F29,386=64.2; P<0.001 F29,386=34.9; P<0.001 F29,386=47.6; P<0.001 
Contrast C1 C2 C1 C2 C1 C2 
Blairgowrie -5.3*** -5.1*** +0.4 +3.9*** -0.4 -0.4 
Mud Islands -3.0*** +0.2 +11.2*** +12.2*** +0.5 -0.7 
Swan Bay 1 -3.9*** 0 +0.7 -1.9 +0.3 +13.6*** 
Swan Bay 2 -0.4 +0.3 +2.1* +3.3** +10.4*** +9.4*** 
St Leonards +1.8 +1.9 +0.5 +0.4 0 -0.1 
Point Richards 0 0 0 0 -5.9*** +0.1 
Kirk Point 0 -1.1 0 0 0 0 
Deep plots       
Region F4,55=107; P<0.001 F4,55=57.3; P<0.001 F4,55=15.8; P<0.001 
Date F5,275=56.3; P<0.001 F5,275=64.8; P<0.001 F5,275=10.6; P<0.001 
Region*Date F19,275=40.1; P<0.001 F19,275=24.1; P<0.001 F19,275=11.5; P<0.001 
Contrast C1 C2 C1 C2 C1 C2 
Mud Islands +0.7 -24.9*** +5.3*** +4.6*** +3.4*** +3.4*** 
St Leonards 2 -0.4 -11.5*** -0.6 -0.5 +0.6 +0.6 
Blairgowrie 0 0 +0.6 +0.6 +3.1** -8.8*** 
St Leonards 1 +7.7*** +8.4*** +2.1* +2.3* -0.3 0 
Point Richards -1.2 +1 +0.9 +1.1 +0.8 +0.6 
NS (or blank) P>0.05, *P<0.05, **P<0.01 and ***P<0.001. 
+ t value indicates increase in variable; - a decrease in variable 
Green shading indicates significant increase in variable relative to previous samples; orange shading indicates significant decrease in variable 
relative to previous samples. 
F: F-ratio; P: probability that null hypothesis is true. 
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Figure 33. Mean (± se) encrusting epiphytic algal cover (%) of H. nigricaulis leaf area at A) shallow and 
B) deep subtidal plots between autumn 2008 and winter 2009; n indicates no data available for autumn 
2008. 
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Figure 34. Mean (± se) epiphytic macroalgal cover (%) of A) shallow and B) deep subtidal seagrass 
plots between autumn 2008 and winter 2009; n indicates where no data available for autumn 2008. 
Intertidal plots 
No epiphytic turfing algae was present on 
seagrass  leaves at the intertidal plots in winter 
2009 (Figure 35A). Encrusting algae covered 13% 
of leaf area at Swan Bay, 2% at Mud Islands and 
0% at St Leonards intertidal plots in winter 2009 
(Figure 35B).  
Epiphytic macroalgae covered 44% of the 
intertidal plot at Mud Islands, 4% at Swan Bay, 
and 0% at St Leonards in winter 2009 (Figure 
36).  
Other factors 
Drift algae 
Drift macroalgae was abundant at Swan Bay 1 
and Swan Bay 2 in winter 2009, covering 99% 
and 65% of the plots, respectively (Figure 37A). 
Drift algae covered 14% of the Point Richards 
deep plot, but <5% of the other plots sampled 
(Figure 37 and 37). 
Other epiphytic biota 
In contrast to previous seasons E. georgiana 
(encrusting bivalve) cover was low. Electroma 
georgiana was not recorded at intertidal plots 
and comprised <2% of total cover at the subtidal 
plots. 
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Presence of aerial shoots 
H. nigricaulis produces vegetative propagules 
consisting of a shoot, horizontal rhizome and 
roots (Cambridge et al, 1983; aerial shoots). 
Aerial shoots were recorded at Blairgowrie, 
Swan Bay 1 and 2, and Mud Island shallow plots 
and at Mud Island and St Leonards 2 deep plots. 
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Figure 35. Mean (± se) A) turfing, and B) encrusting epiphytic algal cover (%) of Z. muelleri leaf area at 
intertidal plots between autumn (black), winter (hatched), spring (grey) 2008 and summer (cross-
hatched) and autumn (hatched) 2009. 
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Figure 36. Mean (± se) epiphytic macroalgal cover (%) of intertidal seagrass plots between autumn 
(black), winter (hatched), spring (grey) 2008 and summer (cross-hatched) and autumn (hatched) 2009. 
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Figure 37. Mean (± se) cover (%) of drift macroalgae at A) shallow and B) deep subtidal plots on six 
occasions between autumn 2008 and winter 2009. n indicates where no data were available. 
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Figure 38. Mean (± se) cover (%) of drift macroalgae at intertidal plots between autumn 2008 and 
winter 2009. 
 
Comparisons against historical 
data 
Seagrass health 
Historical data (2004–07) collected as part of a 
previous study is presented for shallow subtidal 
plots at Kirk Point, Point Richards and Swan Bay 
2, and for intertidal plots at Point Richards and 
Swan Bay. Inevitably, some difficulties are 
encountered when comparing data collected in 
different studies. The data collected between 
2004 and 2007 (Ball et al. in prep.) used random 
rather than fixed quadrats, fewer replicates (n = 5 
versus 12) and destructive cores to estimate 
shoot/stem densities.  
Seagrass cover, length and stem density were 
higher at Kirk Point and Point Richards shallow 
subtidal plots prior to April 2008 (Figure 39). 
When these plots were established in April 2005, 
seagrass covered >80% of the benthos. By April 
2008, when the first season’s sampling was 
undertaken for the Seagrass Baywide Monitoring 
Program, seagrass covered <10% of the benthos. 
Seagrass cover, length and stem densities 
remained low in these plots throughout 2008 and 
2009, and had not returned to pre-April 2007 
levels by July 2009.  
Seagrass covered >95% of the Swan Bay 2 
shallow subtidal plot between April 2005 and 
April 2006. By April 2007, seagrass cover had 
declined to 12%, but began to increase in August 
2008 (Figure 39). By August 2009 seagrass cover 
and length was comparable to levels observed in 
November 2006, whilst shoot densities exceeded 
levels recorded in the previous study.  
Intertidal seagrass cover and shoot density at 
Point Richards in July 2009 was below levels 
recorded in the past at this plot (Figure 40).  
Z. muelleri dominated the Swan Bay intertidal 
plot when it was established in April 2005, 
although this plot has been dominated by L. 
marina from November 2006 to August 2009 
(Figure 40).  
Seagrass epiphyte cover 
Epiphytic algal cover varied over time in shallow 
subtidal seagrass plots between April 2005 and 
July/August 2009 (Figure 41). Epiphytic algal 
cover at Kirk Point, Point Richards and Swan Bay 
2 plots in July/August were similar to levels 
recorded in the period prior to April 2008 (Figure 
41).  
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Figure 39. Mean (±se) seagrass cover (%), length (cm) and shooting-stem density (counts 0.0625m-2) for 
H. nigricaulis at Kirk Point, Point Richards and Swan Bay 2 shallow subtidal plots. Historical data 
collected from November 2004 – April 2007 (hatched) precedes Baywide seagrass monitoring field data 
collected between autumn 2008 and winter 2009 (depicted in grey); n/a denotes where no data were 
available; * denotes missing data at Swan Bay 2 in autumn 2008. 
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Figure 40. Mean (±se) cover (%), shoot length (cm) and shoot density (counts 0.0625m-2) for intertidal 
seagrass at Point Richards and Swan Bay, November 2004–April 2007 (FRB) and May 2008-July/August 
2009 (Baywide Seagrass Monitoring Program, BSMP), n/a denotes where no data were available. 
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Figure 41. Mean (±se) turfing, encrusting and macroalgal epiphytic cover (%) for H. nigricaulis at Kirk 
Point, Point Richards and Swan Bay 2 shallow subtidal plots, April 2005–April 2007 (hatched) and 
between April 2008–July/August 2009 (grey); *denotes missing data at Swan Bay 2 in autumn 2008. 
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Appendix 3. Mapping Error Matrices 
Table 12. Altona mapping error matrix (correctly classified mapped data relative to ground-truthing 
sites shaded in grey); ND, no data. 
 Ground-truthing Data   
Mapping Data Medium-dense & 
Medium-dense Patchy 
Macroalgae/Seagrass# 
Sparse & Sparse 
Patchy 
Macroalgae/Seagrass 
Bare Sediment Total User's Accuracy 
Medium-Dense & 
Medium-Dense Patchy 
Macroalgae/Seagrass# 
6 0 0 6 100% 
Sparse & Sparse Patchy 
Macroalgae/Seagrass* 
2 0 0 2 0 
Bare Sediment 2 0 8 10 80% 
Total 10 0 8 18  
Producer's Accuracy 60% ND 100%  Overall accuracy 
78% 
# includes ground truthing sites with medium-dense continuous and patchy macroalgae with seagrass 
*Sparse & sparse patchy seagrass includes one ground-truthing site with medium-dense macroalgae with seagrass 
stems 
 
Table 13. Blairgowrie mapping error matrix (correctly classified mapped data relative to ground-
truthing sites shaded in grey). 
 Ground-truthing Data   
Mapping Data Medium-dense 
continuous & patchy 
seagrass 
Sparse continuous & 
patchy stems 
Bare Sediment1 Total User's Accuracy 
Medium-Dense 
Seagrass 
10 0 0 10 100% 
Sparse Seagrass 0 1 0 1 100% 
Bare Sediment 0 0 15 10 100% 
Total 10 1 15 26  
Producer’s Accuracy 100% 100% 100%  Overall accuracy 
100% 
1includes five ground-truthing sites with very sparse continuous and patchy stems. 
 
Table 14. Curlewis Bank mapping error matrix (correctly classified mapped data relative to ground-
truthing sites shaded in grey); ND, no data. 
 Ground-truthing Data   
Mapping Data Medium-dense & 
Medium-dense Patchy 
Seagrass 
Sparse & Sparse 
Patchy Seagrass 
Bare Sediment1 Total User's Accuracy 
Medium-dense & 
Medium-dense Patchy 
Seagrass 
14 0 0 14 100% 
Sparse & Sparse Patchy 
Seagrass 
0 0 0 0 ND 
Bare Sediment 0 0 1 1 100% 
Total 14 0 1 15  
Producer's Accuracy 100% ND 100%  Overall accuracy 
100% 
1includes one ground-truthing site with very sparse continuous seagrass 
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Table 15. Kirk Point (all region) mapping error matrix (correctly classified mapped data relative to 
ground-truthing sites shaded in grey); ND, no data. 
 Ground-truthing Data   
Mapping Data Medium-dense & 
Medium-dense 
Patchy Seagrass1 
Sparse & Sparse 
Patchy Seagrass 
Bare Sediment2 Total User's Accuracy 
Medium-Dense & 
Medium-Dense Patchy 
Seagrass 
5 2 1 8 63% 
Sparse & Sparse Patchy 
Seagrass 
0 0 0 0 ND 
Bare Sediment 1 0 15 16 94% 
Total 6 4 16 24  
Producer's Accuracy 83% 0 94%  Overall accuracy 
83% 
1Correctly classified data includes one ground-truthing site with medium macroalgae and one site with rocky reef, 
incorrectly classified bare sediment category was rocky reef. 
2Correctly classified data includes two ground truthing sites with very sparse seagrass or seagrass stems and two 
sites with sparse and sparse patchy seagrass stems. 
 
Table 16. Kirk Point (inner region) mapping error matrix (correctly classified mapped data relative to 
ground-truthing sites shaded in grey); ND, no data. 
 Ground-truthing Data   
Mapping Data Medium-dense & 
Medium-dense Patchy 
Seagrass1 
Sparse & Sparse 
Patchy Seagrass 
Bare Sediment2 Total User's Accuracy 
Medium-Dense & 
Medium-Dense Patchy 
Seagrass 
4 0 1 5 80 
Sparse & Sparse Patchy 
Seagrass 
0 0 0 0 ND 
Bare Sediment 0 0 12 12 100 
Total 4 0 11 17  
Producer's Accuracy 100 ND 92  Overall accuracy 
94% 
1Includes one ground-truthing site with rocky reef 
2Includes one ground-truthing site with very sparse seagrass and seagrass stems and two sites with sparse and sparse 
patchy seagrass stems 
 
Table 17. Mud Islands mapping error matrix (correctly classified mapped data relative to ground-
truthing sites shaded in grey); ND, no data. 
 Ground-truthing Data   
Mapping Data Medium-dense & 
Medium-dense 
Patchy Seagrass1 
Sparse & Sparse 
Patchy Seagrass 
Bare Sediment2 Total User's Accuracy 
Medium-Dense & 
Medium-Dense Patchy 
Seagrass 
13 0 0 13 100% 
Sparse & Sparse Patchy 
Seagrass 
0 0 0 0 ND 
Bare Sediment 0 0 10 10 100% 
Total 13 0 10 23  
Producer's Accuracy 100% ND 100%  Overall accuracy 
100% 
1Includes one ground-truthing site with dense continuous macroalgae with seagrass 
2Includes one ground-truthing site with very sparse patchy seagrass 
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Table 18. Point Henry West mapping error matrix (correctly classified mapped data relative to ground-
truthing sites shaded in grey); ND, no data. 
 Ground-truthing Data   
Mapping Data Medium-dense & 
Medium-dense 
Patchy Seagrass or 
Macroalgae with 
Seagrass 
Sparse & Sparse 
Patchy Seagrass 
Bare Sediment Total User's Accuracy 
Medium-Dense & 
Medium-Dense Patchy 
Seagrass or Macroalgae 
with seagrass 
10 0 0 10 100 
Sparse & Sparse Patchy 
Seagrass1 
2 0 0 2 0 
Bare Sediment 0 0 0 0 ND 
Total 12 0 0 12  
Producer's Accuracy 83 ND ND  Overall accuracy 
83% 
1Includes two sites mapped as sparse patchy macroalgae with seagrass (video sites 2 & 3) 
 
Table 19. Point Richards mapping error matrix (correctly classified mapped data relative to ground-
truthing sites shaded in grey). 
 Ground-truthing Data   
Mapping Data Medium-dense & 
Medium-dense 
Patchy Seagrass1 
Sparse & Sparse 
Patchy Seagrass 
Bare Sediment2 Total User's Accuracy 
Medium-Dense & 
Medium-Dense Patchy 
Seagrass 
11 1 1 13 85 
Sparse & Sparse Patchy 
Seagrass 
2 1 0 3 33 
Bare Sediment 1 0 18 19 95 
Total 14 2 19 35  
Producer's Accuracy 79 50 95  Overall accuracy 
86% 
1Correctly classified data includes three ground-truthing sites with medium-dense macroalgae with seagrass 
2Correctly classified data includes three ground-truthing sites with very sparse patchy seagrass 
 
Table 20. St Leonards mapping error matrix (correctly classified mapped data relative to ground-
truthing sites shaded in grey). 
 Ground-truthing Data   
Mapping Data Medium-dense & 
Medium-dense 
Patchy Seagrass and 
Stems 
Sparse & Sparse 
Patchy Seagrass 
Bare Sediment1 Total User's Accuracy 
Medium-Dense & 
Medium-Dense Patchy 
Seagrass 
7 0 0 7 100 
Sparse & Sparse Patchy 
Seagrass 
0 0 0 0 ND 
Bare Sediment 0 0 6 6 100 
Total 7 0 6 13  
Producer's Accuracy 100 ND 100  Overall accuracy 
100% 
1Includes one ground-truthing site with very sparse seagrass 
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Table 21. Swan Bay mapping error matrix (correctly classified mapped data relative to ground-truthing 
sites shaded in grey). 
 Ground-truthing Data   
Mapping Data Medium-Dense & 
Medium-Dense 
Patchy Seagrass 
Sparse & Sparse 
Patchy Seagrass 
Bare Sediment Total User's Accuracy 
Medium-Dense & 
Medium-Dense Patchy 
Seagrass 
18 0 0 18 100% 
Sparse & Sparse Patchy 
Seagrass 
0 0 0 0 ND 
Bare Sediment 0 0 0 0 ND 
Total 18 0 0 18  
Producer' Accuracy 100% ND ND  Overall accuracy 
100% 
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Appendix 4. Light Logger Performance 
The performance of the light loggers and wiper 
systems deployed during June-August 2009 is 
The performance of the light loggers and wiper 
systems deployed during June-August 2009 is 
summarised below (see also Table 10). 
Blairgowrie (speed restriction 
pile) 
The upper logger flooded during the 6 May to 11 
June 2009 deployment (Figure 26), and data from 
the 01 June – 10 June was lost. This was a new 
logger and there were no visible problems with 
the housing to explain the failure. The logger was 
returned to the manufacturer for assessment. 
There were no problems with performance of the 
backup logger at Blairgowrie (Sorrento Channel) 
and therefore there is no overall gap in light data 
for this region, and does not impede the analysis 
of seagrass variability presented in his report.  
Mud Islands South East 
The top light logger flooded during the 22 May 
to 7 July 2009 deployment (Figure 27). This was a 
new logger purchased at the same time as the 
logger which also flooded at the Blairgowrie 
speed restriction pile (see above) and there were 
no visible problems with the logger housing. This 
logger has also been returned to the 
manufacturer for assessment. The lower logger 
functioned correctly. The backup loggers at Mud 
Islands North West functioned correctly and 
provided attenuation data for the missing period 
at the south east pile for the start of June (Figure 
27). 
Data from 2, 12–13 & 29–30 August were 
excluded due to unreliable Kd values (<0.1).  
Mud Islands North West 
The top logger failed to record any data during 
its deployment from 12 June 2009 to 23 July 2009 
(Figure 27). This logger was returned to the 
manufacturer. The lower logger functioned 
correctly. Data from 8 August 2009 onwards 
were excluded due to unreliable data and were 
probably caused by a malfunction of the wiper 
system. 
Overall, the failures at the two sets of loggers at 
Mud Islands (South East and North West) have 
resulted in a data gap of around 4 weeks in this 
region. When this gap occurred, turbidity did not 
differ significantly from the rest of the period. 
This data gap did not impede the analysis of 
seagrass variability presented in his report.
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Appendix 5. Data 
Electronic data files are as follows: 
• Seagrass health observations at plots and 
quadrats: CDP_seagrass_database_MR6.xls 
• Intertidal seagrass upper limit boundaries: a 
separate shapefile exists for each region with 
the naming format 
Regioncode_UL_date_projection (e.g. 
MI_UL_12May08_MGA55.shp) 
• Light logger data: Logger_data_June-
Aug09.xls. 
• Seagrass mapping GIS data: a separate 
shapefile exists for each region with the 
naming format region_name_monthyear.shp 
(e.g. Blairgowrie_shallow_April09.shp) 
• Aerial photography mosaic for PPB: 
Seagrass_2009april_air_RGB_35cm_mga55.ec
w 
• Underwater video ground-truthing GIS data: 
PPB_seagrass_video_2009_MGA55.shp 
 
 
